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ing centers  willing  to  share  their  expertise  and  equip- 
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route   to   others   in   their  organization 


Sources  of 

Further  Backup 

Information 
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how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
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for  NASA's  Jet  Propulsion  Laboratory. 
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Tech  Notes  Title  List  for 
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Agriculture  &  Food 

0675  Counteracting  Aflatoxin  in  Livestock  Feed 

0676  Keep  it  Under  an  Edible  Coat 

0677  Afternoon  Drop  in  Photosynthesis 

0678  Rating  Rice  Weeds  for  Yield  Damage 

0679  Weeds  Attract  Root-Dwelling  Bacteria 

Testing  &  Instrumentation 

0680  Sensor  Detects  Overheating  of  Perishable  Mate- 
rial— An  enzyme  reaction  gives  a  visual  indication  of 
temperature  abuse. 

Computers 

0681  Massively  Parallel  Computing  Brings  Big  Perform- 
ance Gain 

0682  Computer-Access-Code  Matrices — Authorized  users 
can  respond  to  changing  challenges  with  changing 
passwords.  (Licensing  Opportunity) 

0683  Computer  Assembles  Mosaics  of  Satellite-SAR 
Imagery — Overlapping  image  frames  are  registered 
and  blended  automatically.  (Licensing  Opportunity) 

0684  General-Purpose  Data-Formatting  Input/Output 
System — Standardized  modules  connect  a  host 
computer  to  sources  and  sinks  of  data.  (Licensing 
Opportunity) 

0685  Optimal  Allocation  of  Tasks  in  Hypercube  Comput- 
ers-Uniform tasks  should  be  distributed  uniformly  or 
else  assigned  to  one  processor.  (Licensing  Opportu- 
nity) 

0686  Pivotal-Function  Assessment  of  Reliability  of 
Software — Improved  estimates  of  reliability  with 
statistical  confidence  are  obtained  when  relatively 
few  testing  data  are  available. 

Software 

0687  Managing  Information  on  Costs — A  mathematical 
model  of  costs  incorporates  flexibility  and  many 
capabilities. 

0688  Virtual  Frame  Buffer  Interface  Program — All  frame 
buffers  are  made  to  appear  as  a  generic  frame 
buffer. 

Other  Items  of  Interest 

0701      Managing  Mobile/Satellite  Propagation  Data— Data 
from  experiments  are  converted  into  standard  and 
more  useful  forms. 


Electrotechnology 

0689     RIPE  Eases  Software  Development  for  Intelligent 
Robots 


0690  Acquisition  of  Spread-Spectrum  Code — The  effects 
of  Doppler  shift  and  data  modulation  are  taken  into 
account. 

0691  Array  Feed  to  Compensate  for  Distortion  in  An- 
tenna— An  adaptive  system  partly  restores  the 
desired  far-field  radiation  pattern. 

0692  Controlling  Shape  and  Vibration  of  Antennas — 
Sensors,  control  subsystems,  and  actuators  would 
be  integrated  to  maintain  high  performance. 

0693  Crystal  Oscillators  Operate  Beyond  Rated  Frequen- 
cies— Amplifiers  with  single-pole  frequency  re- 
sponses are  used  in  their  "roll-off"  regions.  (Licensing 
Opportunity) 

0694  Differential  Sampling  for  Fast  Acquisition  of  Fre- 
quency— The  amount  of  computation  increases  only 
linearly  with  the  number  of  measurements. 

0695  Exact  Chord-Length  Distribution  for  SEU  Calcula- 
tions— Computed  rates  of  SEU's  can  now  be  more 
accurate. 

0696  Flux-Feedback  Magnetic-Suspension  Actuator — Flux 
density  is  maintained  substantially  constant.  (Licens- 
ing Opportunity) 

0697  Forward  Bias  Inhibits  Single-Event  Upsets — Bipolar 
integrated  circuits  are  made  more  resistant  to 
ionizing  radiation.  (Licensing  Opportunity) 

0698  Interferometric  Fiber-Optic  Gyroscope — An  inte- 
grated three-waveguide  directional  coupler  functions 
as  a  polarizer  and  splitter. 

0699  Header  for  Laser  Diode — A  package  provides  for 
focusing  and  aiming. 

0700  Large-Constraint-Length,  Fast  Viterbi  Decoder — A 
scheme  for  efficient  interconnection  makes  VLSI 
design  feasible. 

Software 

0701  Managing  Mobile/Satellite  Propagation  Data — Data 
from  experiments  are  converted  into  standard  and 
more  useful  forms. 

0702  More  About  Fixed-Lag  Smoothers  for  Tracking 
Carriers — Performance  in  the  presence  of  fades  can 
be  improved. 

0703  Quantized-"Gray-Scale"'  Electronic  Synapses — 
Parallel  resistors  at  each  node  would  be  switched  to 
adjust  conductive  strength. 

0704  Net  Photorefractive  Gain  in  Gallium  Arsenide — 
Prerequisite  includes  an  applied  electric  field. 

0705  Trellis-Coded  MDPSK  System  With  Doppler  Correc- 
tion— Advanced  features  are  incorporated  in  equip- 
ment for  mobile/satellite  communications.  (Licensing 
Opportunity) 
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Electrotechnology  (Cont.) 

0706  Upper-Bound  Estimates  of  SEU  in  CMOS— Limited 
experimental  information  can  be  used  to  make 
conservative  design  estimates. 

Software 

0707  TWIRE  Assembled 

Testing  &  Instrumentation 

0708  Electric-Field  Meter  Developed 

0709  Noise-Contamination  Detector — Deviations  in  periods 
of  output  from  a  tracking  filter  are  measured. 
(Licensing  Opportunity) 

0710  Testing  Microwave  Landing  Systems  With  Satellite 
Navigation — Less  time  and  equipment  are  needed  to 
perform  tests.  (Licensing  Opportunity) 

071 1  Thermal-Interaction  Matrix  for  Resistive  Test 
Structure — A  simple  linear  model  predicts  small  increases  in 
temperature. 

Other  Items  of  Interest 

0714     Durable  Bipolar  Plates  for  Lead/Acid  Batteries — 
Segmented  electrodes  and  improved  adhesion 
increase  cycle  life. 

0726  Determining  Sense  of  Motion  in  Robotic  Vision — 
Image-processing  algorithms  are  based  partly  on 
natural  visual/mental  processes. 

0746     Dispenser  Cathode  Production 

0751     Hard  Contact  With  a  Force-Reflecting  Teleoperator — 
Force  feedback  should  be  adjusted  to  provide 
stability  without  sluggish  and  fatiguing  operation. 

0755     Vibrations  Caused  by  Cracked  Turbopump  Bearing 
Race — Expansion  gives  rise  to  eccentricity. 

0759  Small,  Lightweight  Welding-Current  Indicator — A 
circuit  is  wrapped  around  a  transformer  core. 

Energy 

0712  Biotechnology  and  Coal  Processing 

071 3  SERI's  Solar  Furnace  Will  Harness  50,000  Suns 

0714  Durable  Bipolar  Plates  for  Lead/Acid  Batteries — 
Segmented  electrodes  and  improved  adhesion 
increase  cycle  life. 

071 5  Mobile  Uninterruptible  Power  Supply — A  unit  would 
continue  to  supply  electric  power  during  interruptions 
of  the  normal  power  supply. 

Engineering 

0716  GPS  Provides  Futuristic  Position  Today 

071 7  Storage  of  Southern  Pine  Chips 

071 8  Better  Waste  Management  with  SERI's  High-Solids 
Reactor 


071 9  Impact  Assessment  and  Blast  Design  for  Surface 
Mines  with  Low-Frequency  Vibration  Problems 

Testing  &  Instrumentation 

0720  Simple  Extensometer  Measures  Underground 
Backfill  Displacements 

0721  Structural  Uses  and  Placement  Techniques  for 
Lightweight  Concrete  in  Underground  Mining 

Software 

0722  Expert  System  Helps  Diagnose  Cause  of  Cracks 

0723  Dual-Seal  System  Developed 

0724  Array  of  Rockets  for  Multicrewmember  Evacuation — 
Crewmembers  can  hook  up  to  tractor  rockets  and  fire 
them  unaided.  (Licensing  Opportunity) 

0725  Computer  Simulation  for  Multilevel  Optimization  of 
Design — Simple  mathematical  functions  are  substi- 
tuted for  complex  engineering  analyses. 

0726  Determining  Sense  of  Motion  in  Robotic  Vision — 
Image-processing  algorithms  are  based  partly  on 
natural  visual/mental  processes. 

0727  Electromagnetic  Meissner-Effect  Launcher — 
Projectile  coils  and  brush  contacts  would  not  be 
needed.  (Licensing  Opportunity) 

0728  Minimal-Inversion  Feedforward-and-Feedback 
Control  System — Three  control  subsystems  can  be 
designed  independently  of  each  other. 

0729  Numerical  Models  for  Control  of  Robots — Kinematic 
models  are  based  on  empirical  data.  (Licensing 
Opportunity) 

0730  Preloaded  Composite-Strut/End-Fitting  Joint — This 
strong,  lightweight  joint  would  resist  loosening. 

0731  Probabilistic  Determination  of  Motions  of  Robots — A 
heuristic-path-planner  method  has  potential  to 
reduce  computing  time. 

0732  Propagation  of  Pulse  Vibrations  in  Large  Struc- 
tures— Dispersion,  damping,  and  confinement  are 
studied. 

0733  Prototype  V-Groove  Radiator  Heat  Shield — A  space- 
saving  unit  has  been  designed  and  tested. 

0734  Rubbing  Between  Rotors  and  Stators — Dynamical 
effects  that  damage  turbomachinery  are  described. 

0735  Simulated  Hypersonic  Flows  About  a  Blunt  Body — 
Unsteady  and  steady  flows  are  compared. 

0736  Steel  Foil  Improves  Performance  of  Blasting  Caps — 
Performance  is  five  times  that  of  standard  blasting 
caps.  (Licensing  Opportunity) 

0737  Testing  Bearing  Balls  for  Ignition  in  Liquid  Oxygen — 
Balls  are  heated  in  flowing  liquid  oxygen  to  simulate 
behavior  in  turbomachinery. 

0738  Transport  of  Passive  Scalars  in  a  Turbulent  Channel 
Flow — Computer  simulation  shows  flow  structures 
and  statistical  properities. 
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Engineering  (Cont.) 

0739  Two-Phase  Accumulator — Liquid  and  vapor  are  used 
to  regulate  temperature  and  pressure. 

0740  Wrapped  Wire  Detects  Rupture  of  Pressure  Vessel — 
Breakage  or  burning  of  wire  triggers  a  shutdown. 

Testing  &  Instrumentation 

0741  Acoustic  Humidity  Sensor — The  speed  of  sound  in 
air  depends  on  the  water  content. 

0742  Improved  Stress  Analysis  of  Multicomponent 
Rotors — Suitable  formulation  of  a  finite-element 
model  speeds  computation. 

0743  Feeder  System  for  Particle-Size  Analyzer — Powder 
is  metered  evenly  into  flowing  gas.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0680     Sensor  Detects  Overheating  of  Perishable  Material — 
An  enzyme  reaction  gives  a  visual  indication  of 
temperature  abuse. 

0712  Biotechnology  and  Coal  Processing 

0713  SERI's  Solar  Furnace  Will  Harness  50,000  Suns 

0779     Silicon  Nitride  Balls  for  Cryogenic  Bearings — 

Resistance  to  wear  is  greater  than  that  of  440C  steel. 

Environmental  Science  &  Technology 

0744  Pathogen  Risk  Assessment  for  Land  Application  of 
Municipal  Sludge 

Other  Items  of  Interest 

071 8     Better  Waste  Management  with  SERI's  High-Solids 
Reactor 


0755  Vibrations  Caused  by  Cracked  Turbopump  Bearing 
Race — Expansion  gives  rise  to  eccentricity. 

Testing  &  Instrumentation 

0756  Borescope  Device  Takes  Impressions  in  Ducts — The 
device  can  be  maneuvered  around  curves  and  used 
in  otherwise  inaccessible  locations. 

0757  Measuring  Changes  in  Dimensions  of  Turbine 
Blades — A  mechanical  fixture  and  electronic  gauge 
probe  the  surface  before  and  after  fabrication 
processes. 

0758  Optical  Arc-Length  Sensor  for  TIG  Welding— The 
length  of  the  arc  would  be  measured  instead  of 
inferred  from  voltage. 

0759  Small,  Lightweight  Welding-Current  Indicator — A 
circuit  is  wrapped  around  a  transformer  core. 

0760  Viewing  Welds  by  Computer  Tomography — A 
computer-aided  technique  yields  images  for  evalu- 
ation of  welds. 

0761  X-Ray  Fluorescence  Surface-Contamination 
Detector — The  x-ray  spectrum  of  a  contaminating 
element  would  reveal  its    presence. 

Other  Items  of  Interest 

0689     RIPE  Eases  Software  Development  for  Intelligent 
Robots 

0729     Numerical  Models  for  Control  of  Robots — Kinematic 
models  are  based  on  empirical  data.  (Licensing 
Opportunity) 

0782     Prepenetrant  Etchant  for  Incoloy*  903  Weld  Over- 
lays— The  new  etchant  causes  less  damage. 
(Licensing  Opportunity) 


Manufacturing,  Machinery  &  Tools 

0745  Completed  Projects  Isothermal  Sheet  Rolling 

0746  Dispenser  Cathode  Production 

0747  Small  Engine  Composite  Compressor  Rotors 

0748  Analysis  of  Computer-Controlled  Woodworking 
Machinery  at  the  Hardwood  Processing  Center 

Software 

0749  Plywood  Mill  Analysis  Program  (PLYMAP) 

0750  A  Dynamic  Seal  for  Air-Breathing  Routing  Spindles 

0751  Hard  Contact  With  a  Force-Reflecting  Teleoperator- 
Force  feedback  should  be  adjusted  to  provide 
stability  without  sluggish  and  fatiguing  operation. 

0752  Internal  Filler-Wire  Feed  for  Arc  Welding — The 
tungsten  electrode  holds  and  protects  the  filler  wire. 
(Licensing  Opportunity) 

0753  Removing  Burrs  in  Confined  Spaces — The  right  tool 
makes  a  normally  impossible  job  easy. 

0754  Resistance-Welding  Test  Fixture — Realistic  welding 
conditions  produce  reliable  specimens. 


Materials 

0762  Improved  Process  for  Preparing  Transition-Metal 
Nitride  Whiskers 

0763  Magnetostrictive  Materials 

0764  New,  Safe  Curing  Agents  for  Thermosetting  Resins 

0765  REMS  Method  Aids  in  Making  Advanced  Semicon- 
ductors 

0766  Technique  for  Producing  High  Strength  Copper 
Alloys 

0767  Low-Alloy  Steel  Standards  Available  for  Producers 

0768  Tensile  Properties  of  Indium  Determined 

0769  Chemical  Modification  of  Wood 

0770  Composite  Structural  Lumber 

0771  Fire  Resistance  of  Structural  Wood  Products 

0772  FPL  Spaceboard 

0773  Advanced  Reusable  Foam  Cryogenic  Insulation — 
Specimens  have  been  demonstrated  in  the  tempera- 
ture range  of  -420  to  +400(0)F(-25I  to  +204(0)C). 
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Materials  (Cont.) 

0774  Bonding  Elastomers  to  Metal  Substrates — Curing 
and  vulcanization  are  done  simultaneously  in 
specially  designed  molds.  (Licensing  Opportunity) 

0775  Fiber-Reinforced  Superalloys  for  Rocket  Engines — 
Features  include  increased  service  lives  and  higher 
allowable  operating  temperatures. 

0776  High-Temperature  Creep  Behavior  of  Fiber-Rein- 
forced Niobium — Tungsten  fibers  reduce  creep  and 
mass  in  advanced  power  systems. 

0777  High-Temperature  Materials  for  Stirling  Engines — 
Heat-resistant  piston  rings  and  linings  could  increase 
engine  efficiency. 

0778  Polymeric  Additives  for  Graphite/Epoxy  Compos- 
ites— Brominated  additives  can  improve  mechanical 
properties.  (Licensing  Opportunity) 

0779  Silicon  Nitride  Balls  for  Cryogenic  Bearings — 
Resistance  to  wear  is  greater  than  that  of  440C  steel. 

Software 

0780  Computer  Simulation  of  Cyclic  Oxidation — A  program 
predicts  oxidation  kinetics  for  various  durations  and 
numbers  of  cycles. 

Testing  &  Instrumentation 

0781  Measuring  Thermal  Conductivity  of  Ceramics 

0782  Prepenetrant  Etchant  for  Incoloy*  903  Weld  Over- 
lays— The  new  etchant  causes  less  damage. 
(Licensing  Opportunity) 

Other  Items  of  Interest 

0704     Net  Photorefractive  Gain  in  Gallium  Arsenide — 
Prerequisite  includes  an  applied  electric  field. 

0745     Completed  Projects  Isothermal  Sheet  Rolling 

0747     Small  Engine  Composite  Compressor  Rotors 

0761  X-Ray  Fluorescence  Surface-Contamination  Detec- 
tor— The  x-ray  spectrum  of  a  contaminating  element 
would  reveal  its  presence. 

0801     Detection  of  Gas-Phase  Polymerization  in  SiH(4)  and 
GeH(4) — Inelastic  scattering  of  light  reveals  condi- 
tions unfavorable  for  the  deposition  of  amorphous 
SiGe:H. 

Medicine  &  Biology 

0783  Diagnosing  Diseases  in  Laboratory  Animals 

0784  Yeast  Genetic  Stock  Center 

0785  Treatment  for  Liver  Damage  from  Hepatitis  C 

0786  Perfusion  Bioreactor  Module — Cell  cultures  can  be 
grown  or  maintained  under  controlled  conditions. 
(Licensing  Opportunity) 

Testing  &  Instrumentation 

0787  Differentiating  Mirror  Image  Molecules 


0788  Calibrator  Blocks  for  Computerized  Tomography 
(CT) — Holes  of  known  size  and  location  enable 
calibration  of  CT  systems.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0792     PC  Database  Available  for  Biochemists 

Natural  Resources  Technology  & 
Engineering 

Software 

0789  Engineers  Refractive  Effects  Prediction  System 
Revised 

0790  Extracting  Geocoded  Images  From  SAR  Data — The 
SAR  imagery  is  automatically  put  onto  a  map  in  the 
desired  projection. 

Physical  Sciences 

0791  New  PC  Data  File  on  Atomic  Radiation  Announced 

0792  PC  Database  Available  for  Biochemists 

0793  Enhancement  of  Pt/SnO(2)  Catalysts  by  Addition  of 
H(2)0 — Water  vapor  in  pretreatment  gas  restores 
essential  hydroxyl  groups. 

0794  Equations  for  Isocaloric  Fountain-Effect  Pumps — 
Operating  characteristics  of  leaky  pumps  are  derived. 

0795  Liquid-Flow  Controller  Responds  to  Pressure — The 
variation  of  pressure  with  flow  is  reduced. 

0796  Temperature  Rises  in  Pumps  for  Superfluid  Helium — 
The  characteristics  of  Centrifugal  and  fountain-effect 
pumps  are  compared. 

Software 

0797  Birefringent-Filter  Model — An  interactive  computer 
program  aids  in  the  design  of  solid-state  lasers. 

0798  Cumulative  Poisson  Distribution  Program — Overflow 
and  underflow  in  sums  is  prevented. 

Testing  &  Instrumentation 

0799  Transmission  Polarizer  for  Neutron  Beams 

0800  Aqueous  Solutions  Valuable  for  Calibrating  Instru- 
ments 

0801  Detection  of  Gas-Phase  Polymerization  in  SiH(4)  and 
GeH(4) — Inelastic  scattering  of  light  reveals  condi- 
tions unfavorable  for  the  deposition  of  amorphous 
SiGe:H. 

0802  Integrated  Grating  Spectrometer — An  entire  spec- 
trometer would  be  fabricated  on  a  silicon  wafer. 

Other  Items  of  Interest 

0741     Acoustic  Humidity  Sensor — The  speed  of  sound  in 
air  depends  on  the  water  content. 

0780     Computer  Simulation  of  Cyclic  Oxidation — A  program 
predicts  oxidation  kinetics  for  various  durations  and 
numbers  of  cycles. 
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0803  Algorithm  Schedules  Airplane  Landings — The 
average  landing  delay  is  reduced. 

0804  Improved  Insert  for  Variable  Mach  Number — A 
nozzle  insert  lowers  a  wind-tunnel  mach  number 
while  maintaining  excellent  flow  quality.  (Licensing 
Opportunity) 

Software 

0805  Flight  Dynamics  Analysis  System — This  software 
assists  in  the  development  of  software  for  research  in 
flight  dynamics. 
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Counteracting  Aflatoxin  in  Livestock  Feed 


An  anticaking  compound  used 
in  animal  feed  could  help 
counteract  the  ill  effects  of  a 
natural  poison  on  livestock  and 
poultry,  preliminary  tests  indicate. 

The  poison,  aflatoxin,  is  produced 
by  several  species  of  Aspergillus 
molds  that  infect  seeds  and  nuts  on 
growing  plants  and  in  storage. 

To  preclude  residues  in  milk, 
mixed  feed  for  dairy  cows  cannot 
contain  more  than  20  parts  per  billion 
of  aflatoxin.  Milk  has  FDA's  most 
stringent  aflatoxin  limit — 0.5  ppb. 

"Very  high  levels  of  aflatoxin  can 
cause  acute  poisoning  and  may  cause 
liver  cancer  in  humans,  but  in  this 
country  no  such  cases  have  been 
reported.  We  have  safeguards  to 
make  sure  our  food  is  wholesome," 
says  veterinary  toxicologist  Roger  B. 
Harvey.  He  is  at  the  Veterinary 
Toxicology  and  Entomology  Re- 
search Laboratory  operated  by  the 
Agricultural  Research  Service  at 
College  Station,  Texas. 

"Aflatoxin  can  be  a  problem  in 
poultry  and  livestock.  It  costs  our 
poultry  industry  an  estimated  $100 
million  a  year  in  bird  deaths  and 
reduced  production,"  says  Harvey. 

The  anticaking  compound,  hy- 
drated  sodium  calcium  aluminosili- 
cate,  or  HSCAS,  is  available  com- 
mercially. In  two  3-week-long  tests 
conducted  by  a  team  of  ARS  and 
Texas  A&M  scientists  led  by  Harvey, 
the  compound  was  added  to 
aflatoxin-contaminated  feed  given  to 
three  dairy  cows. 

In  the  first  phase,  the  cows  re- 
ceived feed  with  200  ppb  of  aflatoxin, 
and  the  aflatoxin  levels  in  their  milk 
were  measured.  The  cows  were  then 
fed  a  diet  including  both  aflatoxin 
and  0.5  percent  HSCAS.  Aflatoxin 
levels  in  their  milk  dropped  from  1.0 


to  0.8  ppb  for  one  cow,  2.1  to  1 . 1  ppb 
for  the  second  cow,  and  2.6  to  1 .8 
ppb  for  the  third  cow. 
The  scientists  repeated  the  routine, 
increasing  the  HSCAS  level  to  1 
percent  and  decreasing  the  aflatoxin 
to  100  ppb.  Aflatoxin  in  the  milk 
dropped  from  0.65  to  0.27  ppb,  1 . 1  to 
0.45  ppb  and  1.4  to  0.65  ppb  for  the 
three  cows,  respectively. 

Use  of  HSCAS  to  reduce  aflatoxin 
in  feeds  would  require  approval  from 
the  Food  and  Drug  Administration, 
Harvey  notes. 

"More  extensive  tests  are  needed, 
but  the  findings  are  significant, 
particularly  since  this  is  one  of  the 
few  instances  where  you  find  an 
antidote  that  appears  to  be  specific 
for  a  single  toxin,"  he  says. 

In  a  preliminary  study  in  1984,  two 
dairy  goats  were  given  aflatoxin  with 
and  without  2  percent  HSCAS. 

"There  was  a  60  percent  reduction 
in  aflatoxin  residues  in  the  milk  of  the 
goat  dosed  with  HSCAS,"  Harvey 
says.   "But  in  the  goat  that  didn't  get 
any  HSCAS,  1.5  percent  of  the 
aflatoxin  we  gave  ended  up  in  the 
milk."  More  aflatoxin-feeding  stud- 
ies with  dairy  goats  are  planned  in 
cooperation  with  Prairie  View  A&M 
University  at  Prairie  View,  Texas. 

Aflatoxin  rarely  carries  over  into 
an  animal's  meat,  Harvey  empha- 
sizes: "The  animal  acts  as  a  sort  of 
natural  filter." 

A  report  on  aflatoxin  and  HSCAS 
was  released  in  1987  by  Harvey, 
Timothy  Phillips  of  Texas  A&M 
University,  and  ARS  animal  scientist 
Leon  F.  Kubena.  Their  work  showed 
that  HSCAS  protected  chickens 
against  the  adverse  effects  of  afla- 
toxin.  [See  Agricultural  Research, 
March  1988,  p.  4]  Soon  after  that, 
they  reported  that  HSCAS  prevented 


DAVID  NANCE 


Veterinary  toxicologist  Roger  Harvey 
(standing)  and  biological  technician 
Eugene  Davee  collect  milk  samples  to 
check  control  of  aflatovin  by  HSCAS  (hy- 
drated  sodium  calcium  aluminosilicate). 
(k-3488-18) 


clinical  disease  caused  by  aflatoxin  in 
swine. 

The  anticaking  compound  binds 
aflatoxin  in  the  intestinal  tracts  of 
chickens  and  pigs  when  the  substance 
is  added  to  their  feed.  "It  seemed  to 
tie  up  aflatoxin  so  it  passed  harm- 
lessly through  an  animal's  body," 
Harvey  says. 

Harvey  and  coworkers  tested 
HSCAS'  effectiveness  against 
aflatoxin  with  30  pigs  in  studies  com- 
pleted in  1987.  Some  pigs  ate  un- 
altered feed,  some  ate  feed  laced  with 
3  parts  per  million  (ppm)  of  afla- 
toxin, some  had  feed  with  3  ppm 
aflatoxin  plus  0.5  percent  HSCAS, 
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Biological  technician  Maurice  Connell  preparing  milk  samples  for  anatoxin  residue 
testing.    (K-3486-14) 


and  some  received  feed  with  3  ppm 
aflatoxin  and  2  percent  HSCAS. 

At  the  end  of  the  4-week  study,  the 
control  group  as  well  as  the  pigs  with 
aflatoxin  plus  HSCAS  in  their  diet 
had  gained  an  average  of  about  42 
pounds  each.  But,  significantly,  the 
pigs  on  aflatoxin  without  HSCAS 
gained  an  average  of  only  about  13 
pounds  each. 

Another  study,  conducted  by 
Harvey  and  coworkers  in  1988, 
involved  20  six-month-old  lambs 
weighing  about  75  pounds  each.  Five 
of  the  lambs  received  untainted  feed 
with  no  HSCAS,  five  received  feed 
with  2  percent  HSCAS,  five  ate  feed 
with  2.6  ppm  of  aflatoxin,  and  five 
ate  feed  with  both  2.6  ppm  aflatoxin 
and  2  percent  HSCAS. 

The  control  group,  the  group  re- 
ceiving HSCAS,  and  the  group 
receiving  both  HSCAS  and  aflatoxin 


gained  an  average  of  about  20  pounds 
during  the  42  days  of  the  test.  But 
the  lambs  that  received  aflatoxin- 
tainted  feed  and  no  HSCAS  gained 
only  about  2  pounds  during  the  same 
6-week  period. 

In  a  3-week  test  conducted  in 
1989,  250  young  turkeys  were  fed 
feed  with  1  ppm  of  aflatoxin,  and 
some  of  the  birds  also  received  0.5 
percent  HSCAS. 

Weight  gains  were  50  percent 
lower  for  the  birds  receiving  aflatoxin 
and  no  HSCAS  than  for  birds  in  a 
control  group  on  normal  feed  but 
were  only  29  percent  lower  for  the 
birds  receiving  aflatoxin  plus 
HSCAS. 

When  the  test  was  repeated  with 
aflatoxin  doses  reduced  to  0.5  ppm, 
the  researchers  saw  60  percent  pro- 
tection against  reduced  weight  gains. 

Robert  J.  Oltjen,  ARS  associate 


deputy  administrator,  Beltsville, 
Maryland,  oversees  aflatoxin  re- 
search. "The  threat  of  aflatoxin  to 
people  in  this  country  is  slight  but 
very  real,  and  we  have  been  attacking 
it  on  several  fronts,"  he  says. 

"We  have  a  lot  to  learn  about  how 
these  molds  operate,  how  to  deacti- 
vate them,  and  how  to  better  control 
conditions  in  which  they  flourish." 

Jane  F.  Robens,  ARS  national  pro- 
gram leader  for  food  safety  and 
health,  adds:  "HSCAS  is  a  hopeful 
beginning  in  the  development  of 
technology  that  will  afford  practical 
aflatoxin  control  methods  for  produc- 
ers." 

Roger  B.  Harvey  is  in  the  USDA- 
ARS  Mycotoxin  Research,  Veterinary 
Toxicology,  and  Entomology  Labora- 
tory, College  Station,  TX  77840 
(409)260-9259.    ♦ 
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Keep  it  Under  an  Edible  Coat 


Mounds  of  fresh,  firm,  colorful, 
nutritious  fruits  and  vege- 
tables in  the  local  super- 
market— nothing  is  more  appealing  to 
a  health-conscious  food  shopper. 

Usually,  the  produce  in  these  eye- 
catching displays  has  been  picked 
days  earlier  and  shipped  hundreds  of 
miles  or  more.  To  prevent  spoilage 
and  retain  the  fresh-picked  quality 
that  consumers  demand,  most  pro- 
duce is  shipped  at  reduced  tempera- 
tures. But  these  lower  temperatures 
can  cause  abnormal  ripening,  de- 
creasing quality. 

Some  of  the  produce  has  been 
treated  with  a  protective  film — a  wax 
coating  that  prolongs  shelf  life.  The 
problem  with  such  films  is  that  they 
retard  the  ripening  process  for  only  a 
short  time.  Produce  must  still  be 
shipped  at  reduced  temperatures. 


KEITH  WELLER 


Coated  oranges  retain  more  of  the  impor- 
tant flavor  components,  according  to 
chemist  Myrna  Nisperos-Carriedo. 
(K-3512-3)' 


KEITH  WELLER 


Biological  laboratory  technician  Holly 
Hutchens  applies  liquid  coating  to  pine- 
apple oranges.  (K-3510-10) 


Chemist  Myrna  Nisperos-Carriedo 
is  working  on  an  inexpensive  coating 
made  with  an  edible  vegetable  oil 
that  promises  to  further  extend  shelf 
life  without  harming  produce  quality. 
Her  product  allows  storage  at  70°F, 
normal  room  temperature. 

"The  base  for  our  coating  is 
commercially  available  oils  or  waxes 
and  cellulose.  But  we  add  an  emul- 
sifier  that  the  commercial  blends 
don't  have,"  she  says.  "So  far. 
we've  used  our  films  on  tomatoes, 
oranges,  and  carambolas." 

"In  experimenting  with  oranges, 
we  made  an  interesting  discovery. 
The  film  actually  increased  their 
important  flavor  volatiles." 

Nisperos-Carriedo.  an  ARS  re- 
searcher in  Winter  Haven,  Florida, 
says  that  edible  films  provide  a 
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barrier  to  moisture  loss  or  air  ex- 
change. This  allows  the  films  to 
retard  ripening  in  much  the  same  way 
as  controlled  atmosphere  storage, 
which  is  effective  but  very  costly. 

Keeping  produce  healthy  and  fresh 
depends  on  the  permeability  of  the 
film  to  oxygen,  carbon  dioxide,  and 
ethylene.  The  film  inhibits  the  uptake 
of  oxygen,  essential  to  producing 
ethylene,  a  natural  growth  regulator 
that  controls  ripening  in  fruit. 

Nisperos-Carriedo  experimented 
with  three  groups  of  mature  green 
tomatoes:  one  treated  with  the  emul- 
sified film,  one  with  the  commercial 
blend  minus  the  emulsifier,  and  a 
control  group. 

After  14  days  of  storage,  only  40 
percent  of  the  tomatoes  treated  with 
the  emulsified  film  began  ripening. 
This  compared  to  ripening  of  about 
80  percent  of  the  fruit  receiving  the 
commercial-blend-minus-emulsifier, 
and  100  percent  of  the  untreated 
tomatoes. 

"Fruit  treated  with  the  commercial 
blend  without  the  emulsifier  devel- 
oped stem-end  rot  and  ripened  un- 
evenly, making  the  tomatoes  look 
blotchy,"  Nisperos-Carriedo  says. 

By  adding  emulsifier  she  obtained 
better  color  development  and  elimi- 
nated fungal  growth. 

"I  think  we  can  get  even  better 
results  with  this  film.  Since  we  hand- 
painted  it  on  the  tomatoes,  we  proba- 
bly missed  some  sections  of  the 
surface.  Maybe  spraying  the  mixture 
on  would  more  completely  cover  the 
fruit,"  she  says. 

Applying  protective  coatings  to 
prolong  freshness  in  citrus  is  not 
new.  Waxes  and  other  types  of 
coatings,  including  sucrose  esters  of  / 
fatty  acids,  have  been  used  since 
1930  to  keep  oranges  from  drying  out 
and  to  give  them  an  attractive  gloss. 


These  coatings  preserve  the  ap- 
pearance of  the  citrus,  but  their  effect 
on  flavor  is  not  fully  known. 

Nisperos-Carriedo  tested  her 
newly  developed  coating  on  mature 
pineapple  oranges. 

She  found  that  after  8  to  10  days  in 
storage  at  70°F,  juice  extracted  from 
the  oranges  contained  up  to  14  times 
the  usual  flavor  volatiles.  Volatile 
esters,  fragrant  compounds  formed 
by  the  chemical  combination  of  an 
acid  and  an  alcohol,  are  what  give 
orange  juice  its  "fruity"  taste. 

The  Fragile  Carambola 

With  a  shelf  life  of  about  3  days, 
the  tropical  fruit  carambola  is  so 
perishable  it  can  barely  be  shipped. 
Nisperos-Carriedo  has  also  applied 
the  emulsified  formulation  to  this 
exotic,  Florida-grown  fruit.  By  the 
third  day  in  storage,  edges  of  the  un- 
coated,  star-shaped  fruit  turn  an  un- 
sightly brown.  But  fruit  coated  with 
Nisperos-Carriedo' s  formulation 
showed  less  browning  and  fungal 
growth,  even  after  8  days  of  storage. 
She  plans  further  tests  with  other 
types  of  antioxidants  to  extend  the 
storage  life  of  carambolas. 

Nisperos-Carriedo  plans  to  apply 
for  a  patent  for  her  formulation. 

Alley  E.  Watada,  head  of  the  ARS 
Horticultural  Crops  Quality  Labora- 
tory in  Beltsville,  Maryland,  says  that 
fresh  fruit  and  vegetables  suffer  any- 
where from  12  to  20  percent  spoil- 
age loss  from  farm  gate  to  retail 
outlets. 

"In  fact,  for  crops  such  as  straw- 
berries and  raspberries,  losses  can  be 
as  high  as  40  percent,"  he  says. 

Watada  expects  the  fresh  fruit  and 
vegetable  industry  to  have  a  vital 
interest  in  results  from  the  coatings 
research. 


FOR  ADDITONAL  INFORMATION:  Myrna  O.  Nisperos-Carriedo  is  at  the  USDA-ARS  Citrus  and  Subtropical 
Products  Research  Laboratory,  Winter  Haven,  FL  33880;  (813)293-4133. 
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Afternoon  Drop  in  Photosynthesis 


Corn  takes  a  photosynthesis  siesta  on 
warm,  dry  afternoons,  according  to  the 
findings  of  ARS  plant  physiologist 
James  A.  Bunce. 

This  phenomenon,  an  afternoon 
decline  in  the  photosynthesis  rate,  has 
previously  been  found  only  in  crops  in 
which  carbon  dioxide  is  the  limiting 
factor  in  the  rate  of  photosynthesis — 
crops  such  as  soybeans  and  wheat 
which  are  in  the  C3  category  of  plants. 

C3  plants  are  so-called  because  their 
first  product  of  photosynthesis  has  only 
three  carbon  atoms. 

This  is  the  first  report  of  such  an 
afternoon  drop  in  corn,  which  belongs 
to  the  C4  category  of  plants,  where  the 
first  photosynthesis  product  has  four 
carbon  atoms. 

The  C3  and  C4  crops  followed 
different  evolutionary  tracks  in  devel- 
oping photosynthesis.  The  C3  types  of 
crops  close  their  stomates — pores  on 
the  leaves  through  which  carbon 
dioxide  enters — to  prevent  the  loss  of 
moisture  as  temperature  rises  in  the 
afternoon.  The  drop  in  available  carbon 
dioxide  causes  a  drop  in  the  rate  of 
photosynthesis. 

But  photosynthesis  in  a  C4  type  of 
crop  such  as  corn  or  sorghum  is  not 
limited  by  carbon  dioxide  availability. 
So  the  photosynthetic  rate  should  not  be 
cut  even  if  stomates  on  corn  plants  do 
shut  down  to  preserve  moisture. 

"And  since  corn  does  not  have 
afternoon  stomatal  closure,  this  crop  in 
particular  was  expected  not  to  show  the 


afternoon  drop  in  photosynthesis,"  says 
Bunce.  "But  it  does." 

Bunce  found  that  the  photosynthetic 
rate  drops  about  30  percent  on  warm, 
dry  afternoons  under  natural  growing 
conditions.  "A  drop  like  that  on  a 
regular  basis  translates  to  cutting 
growth  by  about  10  percent,"  he  says. 

It  isn't  directly  the  increasing  heat  of 
the  afternoon  that  causes  the  decline. 
When  other  conditions  are  equal,  high 
temperature  favors  photosynthesis  in 
corn,  according  to  Bunce. 

"Lack  of  humidity  around  the  leaves 
appears  to  drive  the  drop,"  he  says. 

When  temperatures  rose  but  humid- 
ity was  kept  high,  the  rate  of  photosyn- 
thesis did  not  drop. 

"But  as  soon  as  the  humidity  directly 
around  the  leaves  drops,  they  dry  out 
slightly  and  the  rate  of  photosynthesis 
drops,  even  if  the  soil  around  the  roots 
of  the  plant  is  wet,"  Bunce  says. 

With  the  source  of  the  drop  identi- 
fied, Bunce  expects  that  it  should  be 
possible  to  find  corn  varieties  that  are 
more  resistant  to  humidity  decreases  or 
to  breed  the  potential  into  commercial 
varieties. 

"It  will  be  easier  to  screen  for  higher 
photosynthesis  now  that  we  know  what 
limits  it  in  com,"  Bunce  says. 

James  A.  Bunce  is  at  the  USD  A- ARS 
Plant  Photobiology  Laboratory,  Rm. 
01,Bldg.  046A,  Beltsville  Agricultural 
Research  Center,  Beltsville,  MD  20705 
(301)344-3607.   ♦ 
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Rating  Rice  Weeds  for  Yield  Damage 


When  it  comes  to  weeds,  the  spe- 
cific types  that  appear  in  fields  can 
make  a  difference  in  when  and  how 
farmers  should  take  action. 

For  example,  one  plant  of  barn- 
yardgrass  in  rice  crops  is  as  much  cause 
for  alarm  as  three  bearded  sprangletop 
weeds,  says  agronomist  Roy  J.  Smith, 
Jr.  Smith  is  based  at  ARS'  Rice 
Production  and  Weed  Control  Research 
unit  in  Stuttgart,  Arkansas. 

Smith's  feelings  about  barn- 
yardgrass  are  more  than  just  personal 
bias.  He  and  technician  Frank  Carey, 
III,  have  worked  with  other  scientists 
for  2  years  on  development  of  a  com- 
puter model  that  calculates  the  impact 
of  eight  major  weeds  on  rice  produc- 
tion. 

"These  eight  weeds — barnyardgrass, 
broadleaf  signalgrass,  bearded  spran- 
gletop, eclipta,  northern  jointvetch, 
hemp  sesbania,  red  rice,  and  duck- 
salad — account  for  about  90  percent  of 
our  weed  problems  in  rice,"  he  says. 

"We  used  test  plots  to  find  the 
density  at  which  you'd  get  an  effect  on 
yields.  We  also  looked  at  when  in  the 
life  of  the  weeds  and  rice  you'd  have 
the  most  impact  on  yields."  Effects  on 
both  conventional  and  semi-dwarf 
varieties  of  rice  were  determined. 

To  use  the  model,  a  rice  grower 
would  supply  information  on  the  type 
of  rice  being  grown  and  the  type  and 
estimated  number  of  weeds  in  the 
fields.  The  model  would  then  describe 
potential  losses  if  no  action  were  taken 
and  information  on  herbicide  program 
options  that  the  grower  might  use, 


including  cost  and  effectiveness. 

The  model  could  help  growers  cut 
back  on  herbicide  use,  reducing  both 
production  costs  and  the  chance  of 
environmental  pollution,  Smith  says. 

"This  will  help  the  grower  more 
precisely  assess  the  weed  problem,"  he 
says.  "Even  a  fairly  high  density  of 
certain  weeds  might  not  cause  growers 
that  much  of  a  problem  in  terms  of  lost 
yields.  There  may  be  some  situations 
where  they  won't  even  want  to  use 
herbicides. 

"When  growers  do  use  herbicides, 
this  could  help  make  the  choice  easier. 
If  they  have  a  high  density  of  certain 
weeds  and  face  high  yield  losses,  they 
may  want  to  go  with  a  top-of-the-line 
treatment.  But  if  there  is  a  lower 
density  of  weeds,  a  less  expensive 
treatment  may  do.  It  will  be  up  to 
individual  growers  to  choose,  but  the 
model  can  help." 

Smith  hopes  to  have  the  model 
working  this  year  and  to  eventually 
refine  the  model  to  deal  with  scenarios 
involving  combinations  of  weeds, 
"such  as  a  couple  of  grasses  and  a 
couple  of  broadleaf  species,  which 
would  cover  most  situations."  He  said 
the  mode!  could  someday  be  put  on  a 
floppy  disk  that  rice  growers  could  use 
on  personal  computers. 


Roy  J.  Smith,  Jr.,  is  in  USD  A- ARS 
Rice  Production  and  Weed  Control 
Research,  P.O.  Box  287,  Stuttgart,  AR 
72160  (501)673-2661.   ♦ 
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Weeds  Attract  Root-Dwelling  Bacteria 


Bacteria,  whipping  their  hair-like  appendages,  or  flagella, 
purposefully  swim  through  dark  watery  soil  toward  their 
favorite  foods  -  organic  substances  that  are  exuded  from  a 
plant's  root  pores. 

In  studies  aimed  at  biological  control  of  weeds,  ARS 
microbiologist  Robert  J.  Kremcr  and  colleagues  at  the 
University  of  Missouri,  Columbia,  have  often  viewed 
such  scenes  through  an  electron  microscope.  They  hope 
to  learn  enough  about  microbial  populations  associated 
with  roots  to  manipulate  them  in  ways  that  will  make 
agriculture  more  efficient. 

Both  good  and  bad  root  bacteria  (rhizobacteria)  exhibit 
chemotaxis,  behavior  in  which  living  organisms  move 
toward  (or  in  other  cases,  away  from  )  specific  substances. 

A  good  bacterium  might  be  destined  to  nourish  alfalfa 
with  nitrogen  it  fixes  from  air  in  the  legume's  root  nod- 
ules. For  example,  good  rhizobacteria  might  kill  fungi 
and  other  microorganisms  that  inflict  diseases  on  crops. 

But  the  bacteria  that  most  interest  Kremer  are  the  ones 
that  make  weeds  sick,  causing  them  to  produce  fewer 
seedlings.  His  research  may  strike  a  sympathetic  chord 
with  U.S.  farmers  who,  despite  advances  in  chemical 
weed  con-trol  since  the  1940's,  suffer  annual  crop  yield 
losses  of  about  12  percent  from  weeds. 

Each  year  in  the  north  central  and  southern  states,  corn 
and  soybean  farmers  lose  an  estimated  $300  million  to 
just  one  weed  -  velvetleaf.  A  single  plant  typically  pro- 
duces some  8,000  seeds.  Many  of  these  lie  dormant  in 
the  soil  for  years  before  sprouting.  In  1986,  Kremer  found 
some  rhizobacteria  strains  that  overcame  velvetleaf  seeds' 
tough  outer  coat,  causing  them  to  rot  before  they  could 
germinate. 

Kremcr  also  found  a  strain  that  reduced  top  growth  of  14- 
day-old  velvetleaf  seedlings  by  88  percent  in  greenhouse 
tests.  Microphotographs  showed  that  crevices  between 
the  stunted  seedling's  root  cells  housed  up  to  250  million 
microbes  per  inch  of  root. 

"Finding  out  how  the  bacteria  become  attached  to  weed 
seedlings  may  help  us  someday  select  and  develop  strains 
for  biological  control,"  Kremcr  says. 


Above  left,  a  healthy  segment  of  taproot  taken  from 

velvetleaf  boasts  abundant,  turgid  root/win  that 

amply  supply  the  plant  with  nutrients    In  contrast,  a 

similar  specimen  at  right,  inoculated  with  the  soil 

bacterium  Pseudomona,  shows  roothairs  that  are 

scanty  and  collapsed,  a  condition  that  can  came  the 

weed  to  grow  poorly  or  die.  Below,  colonies  of  the 

weed-winnowing  microorganism  arc  magnified  I J 00 

times  (left)  and  4,000  times  (right).    Micrographs 

courtesy  Maria  Tejada-Begonia. 


Mississippi  Slate  University  microbiologist  Maria  F. 
Tejada-Begonia  worked  with  Kremer  on  rhizobacteria 
under  an  ARS  research  support  agreement.  Tejada- 
Begonia  recently  completed  her  Ph.D.  thesis  on  how 
rhizobacteria  arc  attracted  to  velvetleaf  and  birdsfoot 
trefoil  seeds. 

She  chose  birdsfoot  trefoil  in  part  for  its  increasing  popu- 
larity as  a  forage  crop,  widely  adapted  to  climatic  and  soil 
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conditions  in  regions  where  alfalfa  may  or  may  not  be 
grown.  She  also  saw  an  opportunity  to  add  to  the  scientif- 
ic knowledge  on  chemotaxis  of  birdsfoot  trefoil,  which 
has  seed  qualities  similar  to  those  of  many  weed  species. 

Rhizobactcria  that  Tejada-Bcgonia  isolated  from  the  plant 
roots  included  Pscudomonas,  Alcaligen.es,  Enterobacter, 
Erwinia,  Xanthomonas,  ■andflavobacterium.  Strains  of 
Pscudomonas  and  Erwinia  currenUy  show  the  most  poten- 
tial as  biological  herbicides. 

Conducting  biochemical  analyses  of  seed  exudates,  Teja- 
da-Bcgonia found  those  of  velveUeaf  and  trefoil  contain 
amino  acids,  sugars,  organic  acids,  and  phenolic  com- 
pounds. Seedlings'  roots  produced  even  more  of  these 
chemicals.  The  scientists  are  now  sorting  out  which  of 
these  chemicals  attract  rhizobacteria.  Each  species  and 
strain  of  crop  plant  or  weed  may  have  its  own  composite 
profile  of  attractive  substances,  Kremer  says. 

The  scientists  are  also  looking  at  specific  substances  and 
identifying  the  bacteria  strains  that  respond  best  to  them. 
This  information  will  help  them  explore  the  potential  for 
applying  strains  as  biological  control  agents  that  could  be 
integrated  into  existing  agricultural  practices. 

In  preliminary  field  studies,  the  scientists  picked  two 
promising  Pseudomonas  strains.  About  25  million  bacte- 


ria were  mixed  with  peat  and  applied  to  each  of  several  1- 
square-metcr  field  plots  where  velveUeaf  seeds  were  to  be 
planted. 

Two  weeks  after  planting,  these  plots  had  26  to  40  percent 
fewer  weed  seedlings  than  control  plots  where  peat  with- 
out rhizobacteria  had  been  applied.  And  the  rhizobacteria 
reduced  average  seedling  heights  by  35  to  43  percent. 

The  applied  rhizobacteria  may  not  have  performed  as  well 
had  they  not  been  protected  from  an  adverse  field  envi- 
ronment by  the  peat  carrier,  Kremer  says.  To  ensure  that 
applying  the  microbes  someday  becomes  a  technological- 
ly feasible  weed  control,  researchers  will  need  to  find  the 
best  ways  to  nurture  the  microbes  and  time  their  applica- 
tion. 

Research  may  reveal  ways  to  foster  applied  or  naturally 
present  rhizobacteria  through  such  practices  as  rotating 
certain  crops  or  growing  a  mix  of  forage  species.  An 
integrated  pest  management  system  that  knocks  out  the 
weeds  might  also  specify  choices  of  fertilizers  and  other 
agricultural  chemicals,  Kremer  says. 

FOR  ADDITIONAL  INFORMATION:  Robert  J.  Kremer 
is  in  USDA-ARS  Cropping  System  and  Water  Quality 
Research,  Room  138,  Mumford  Hall,  University  of 
Missouri,  Columbia,  MO  65211;  (314)882-6408. 
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Sensor  Detects  Overheating  of  Perishable  Material 

An  enzyme  reaction  gives  a  visual  indication  of  temperature  abuse. 


An  experimental  temperature  sensor 
changes  color  rapidly  and  irreversibly 
when  its  temperature  rises  above  a  pre- 
determined level.  Similar  devices  could  be 
used  to  detect  temperature  abuse  —  that 
is,  whether  foods  or  medicines  that  should 
be  refrigerated  have  been  exposed  to  ex- 
cessive temperatures  during  shipment  and 
storage.  Even  brief  exposures  can  cause 
hidden  spoilage  or  deterioration.  By  view- 
ing a  sensor  of  this  type,  a  receiving  clerk 
could  tell  immediately  whether  a  product 
has  been  maintained  at  safe  temperatures 
and  is  therefore  acceptable. 

The  sensor  is  based  on  reactions  of  en- 
zymes in  paraffins.  The  paraffins  (such  as 
hexadecane,  pentadecane,  and  tetradec- 
ane)  are  blended  so  that  the  mixture  melts 
at  a  temperature  considered  the  maximum 
safe  value  —  say  -4  °C  for  frozen  foods. 
In  the  solid  paraffin  blend,  the  reactions 


take  place  at  an  insignificant  rate  because 
the  reactants  diffuse  slowly.  As  soon  as  the 
paraffin  blend  melts,  however,  the  reac- 
tants diffuse  more  rapidly  through  the  liq- 
uid. The  reaction  rate  increases  more  than 
a  million  times,  and  the  enzymes  change 
color  within  a  few  minutes.  If  the  tempera- 
ture drops  and  the  paraffins  resolidify,  the 
new  color  remains. 

In  a  demonstration  of  the  principle,  glass 
beads  coated  with  the  enzyme  horserad- 
ish peroxidase  were  added  to  molten  hex- 
adecane containing  p-anisidine  in  a  culture 
dish  and  placed  in  a  refrigerator.  When  the 
mixture  was  hard,  more  molten  hexadec- 
ane containing  p-anisidine  and  hydrogen 
peroxide  in  an  aqueous  phosphate  buffer 
was  poured  on  it  and  solidified  in  the  refrig- 
erator. No  color  developed  in  the  dish ,  even 
after  21  days  of  refrigeration. 

When  the  dish  was  removed  from  the  re- 


frigerator for  an  hour,  the  paraffin  melted 
and  the  contents  of  the  dish  turned  a  dis- 
tinctive reddish  brown.  The  contents  re- 
tained the  color  after  being  returned  to  the 
refrigerator  and  resolidified. 

This  work  was  done  by  Jonathan  S. 
Dordick  and  Alexander  Klibanov  of  the 
Massachusetts  Institute  of  Technology  for 
NASA's  Jet  Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  address- 
ed to 

Technology  Licensing  Office 

Mail  Code  E32-300 

Massachusetts  Institute  of  Technology 

Cambridge,  Massachusetts  02139 
Refer  to  NP0-17585/TN,  volume  and 
number  of  this  NASA  Tech  Briefs  issue, 
and  the  page  number. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Technology  Application 


Sandia  National  Laboratory 


Massively  Parallel  Computing  Brings  Big  Performance  Gain 


Sandia  National  Laboratories  has  achieved  dramatic 
performance  improvements  using  a  first-generation  mas- 
sively parallel  supercomputer  for  an  important  Depart- 
ment of  Defense  and  Department  of  Energy  radar  sim- 
ulation application.  The  work  was  reported  in  the 
proceedings  of  the  IEEE-sponsored  Supercomputing  '89 
Conference. 

The  radar  simulation  application,  which  permits 
users  to  preview  the  appearance  of  objects  detected 
with  radar,  has  been  expensive  and  time-consuming 
when  run  on  conventional  serial  or  vector  processing 
supercomputers. 

When  the  application  is  redone  so  that  many  pro- 
cessors can  work  on  the  problem  at  the  same  time — that 
is,  when  the  application  is  parallelized,  significantly 
faster  turnaround  is  obtained.  When  the  parallelized 
code  is  run  on  a  1024-processor  hypercube  super- 
computer, a  single  view  that  took  a  Cray  X-MP  over  1/4 
hour  to  compute  was  created  and  the  image  was  drawn 
in  two  minutes.  Performing  6.8  times  faster  than  a  Cray 
Y-MP  and  7.9  times  faster  than  a  Cray  X-MP,  the 
hypercube  is  also  a  factor  of  12  to  20  times  more  cost 
effective  than  these  machines. 

Sandia  scientists  Robert  Benner,  Tom  Sullivan, 
Mark  Sears,  and  John  Gustafson  developed  a  method  of 
running  the  radar  simulation  on  the  massively  parallel 
NCUBE/ten  to  take  full  advantage  of  the  computer's 
processing  power.  Eight  different  programs  are  divided 
among  the  processors,  as  well  as  the  data,  and  all  1024 
processors  act  upon  the  data  with  their  respective  pro- 
grams simultaneously. 

"The  performance  we've  accomplished  on  this  im- 
portant application  illustrates  the  advantage  of  a  mas- 
sively parallel  computer  over  the  traditional  vector 
supercomputer,"  said  Benner,  project  leader  for  the 
effort.  "With  eight  different  cooperating  programs  run- 
ning at  once  on  more  than  1000  processors,  it's  one  of  the 
most  effective  uses  of  a  massively  parallel  computer  to 
date.   By  decomposing  and   parallelizing  the  program 


itself,  not  just  the  data,  we  have  demonstrated  perfor- 
mance improvements  much  greater  than  those  seen  in 
the  past.  We  expect  this  technique  to  provide  similar 
performance  improvements  in  other  key  application 
areas." 

In  previous  attempts  to  convert  the  radar  simulation 
application  to  run  on  a  parallel  processing  computer,  the 
same  program  and  much  of  the  same  data  were  distrib- 
uted to  every  processor,  limiting  the  problem  size  it 
could  handle.  Rather  than  using  this  original  approach, 
Sandia  developed  a  set  of  intercommunicating  pro- 
grams, fully  exploiting  the  multiple  processors,  and 
enabling  the  computer  to  handle  problems  of  almost  any 
size. 

According  to  Edwin  Barsis,  Sandia's  Director  of 
Computer  Sciences  and  Mathematics,  "The  use  of  het- 
erogeneous programming  and  dynamic  load  balancing 
techniques,  coupled  with  the  speeds  that  were  achieved 
for  a  'typical'  application,  is  a  significant  advance  in 
parallel  computing  technology  and  demonstrates  the 
potential  for  similar  results  in  other  applications." 

Says  William  Camp,  manager  of  Sandia's  Mathe- 
matics and  Computational  Sciences  Department,  "Mas- 
sively parallel  supercomputers  like  this  one  have  proven 
to  be  a  valuable  research  tool  for  engineers  and  scientists 
alike  who  are  now  able  to  generate  and  to  solve  increas- 
ingly complex  problems." 

Even  greater  performance  improvements  are  ex- 
pected with  the  use  of  the  second-generation  hypercube, 
which  is  currently  being  installed  at  Sandia. 

FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Department  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-4207 

Refer  to  Volume  25,  No.  3 
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Computer-Access-Code  Matrices 

Authorized  users  can  respond  to  changing  challenges  with  changing  passwords. 


A  scheme  for  controlling  access  to 
computers  defeats  eavesdroppers  and 
"hackers."  The  scheme  is  based  on  a 
password  system  of  challenge  and  pass- 
word or  of  sign,  challenge,  and  countersign 
correlated  with  random  alphanumeric 
codes  in  matrices  of  two  or  more  dimen- 
sions. The  codes  are  stored  on  a  floppy 
disk  or  plug-in  card  and  are  changed  fre- 
quently. 

The  host  computer  to  which  access  is 
sought  and  the  terminal  from  which  ac- 
cess is  attempted  possess  identical  code 
matrices.  In  a  two-dimensional  version  that 
could  be  used  for  identification  (see  Figure 
1),  the  host  computer  transmits  a  chal- 
lenge in  the  form  of  the  alphanumeric 
codes  at  two  corners  (not  in  the  same  row 
or  column)  of  a  rectangle  within  the  matrix. 
The  terminal  seeking  access  responds  by 
sending  the  codes  for  the  opposite  corners 
of  the  same  rectangle.  If  the  codes  are  cor- 
rect, access  is  granted. 

The  system  discards  codes  used  in  a 
successful  attempt  at  access  and  requires 
new  codes  for  each  new  attempt.  Thus,  an 
eavesdropper  cannot  gain  access  by  re- 
peating the  code  sequence  entered  by  an 
authorized  user.  Similarly,  a  hacker  who 
tries  a  series  of  automatically  generated 
passwords  will  find  that  the  probability  of 
gaining  access  is  very  low  at  the  outset  and 
diminishes  rapidly  thereafter. 

Figure  2  illustrates  a  three-dimensional 
version  for  sign,  challenge,  and  counter- 
sign. To  gain  access  to  the  host,  the  caller 
sends  two  codes  representing  points  on 
the  same  face  of  the  matrix  but  not  in  the 
same  row  or  column.  For  the  example  in 
the  figure,  the  caller  might  choose  5KZ  and 
ERC.  The  caller  can  choose  the  codes  at 
random  but  must  not  repeat  those  already 
chosen. 

The  host  responds  by  sending  codes  for 
points  that  complete  a  rectangle  on  the 
face  —  in  this  case,  TBT  and  6BB.  (Re- 
ceipt of  the  proper  combination  assures 
the  caller  that  the  proper  host  has  been 
reached.)  In  addition,  the  host  sends  codes 
for  two  corners  of  a  parallelepiped  based 
on  the  rectangle  just  established  —  in  this 
case,  F12  and  QQ8.  The  caller  must  now 
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Figure  1.  Random  Numerical  Codes  that 
constitute  challenges  and  passwords  are 
arranged  in  matrix.  For  example,  the 
challenge  17,  20  is  answered  with  the 
password  23,  30. 

respond  by  sending  the  codes  for  the  cor- 
ners that  complete  the  rectangle —  111 
and  1 1 0.  This  sequence  of  codes  cannot  be 
used  any  more. 

Any  caller  attempting  a  preset  number 
of  erroneous  responses  can  be  discon- 
nected. If  the  caller  tries  to  reconnect,  the 
challenge  from  the  host  is  different.  Thus, 
the  probability  that  a  hacker  can  generate 
a  correct  response  is  minuscule.  Of 

course,  the  code  matrix  must  be  changed 
often  to  provide  an  adequate  number  of 
choices  for  authorized  users.  For  even 
higher  security,  matrices  of  four  or  more 
dimensions  can  be  used,  just  as  cubes  are 
compounded  into  hypercubes  in  concur- 
rent processing. 

This  work  was  done  by  Earl  R.  Collins, 
Jr.,  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL  Refer  to  NP0-17525/TN. 
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Figure  2.  A  Three-Dimensional  Matrix  — 
actually  interrelated  subsets  of  codes 
stored  in  memory  —  gives  a  caller  and  a 
host  a  great  variety  of  choices  in  estab- 
lishing a  link  with  each  other. 
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Computer  Assembles  Mosaics  of  Satellite-SAR  Imagery 

Overlapping  image  frames  are  registered  and  blended  automatically. 


A  digital  image-processing  system  as- 
sembles maplike  mosaic  images  of  large 
areas  of  the  Earth  from  overlapping  im- 
ages of  smaller  areas  generated  by  space- 
borne  synthetic-aperture  radar  (SAR).  The 
system  automatically  registers  and  blends 
the  smaller  images  with  each  other.  Thus,  it 
eliminates  the  need  for  the  time-con- 
suming, tedious  manual  processing  like 
that  used  to  assemble  mosaics  of  aerial 
photographs  and  images  from  airborne 
SAR.  The  system  is  modifiable  to  accept 
images  from  spaceborne  optical  sensors. 

Before  being  fed  to  the  system,  the  digi- 
tized SAR  image  data  are  preprocessed 
(N PO-1 71 06):  geometric  distortions  caused 
by  interacting  effects  of  the  attitude  of  the 
radar  beam  and  the  altitude  of  the  target 
are  corrected,  and  the  imagery  is  regis- 
tered with  digital  models  of  the  terrain  ob- 
tained from  existing  topographical  maps. 
The  resulting  images  are  relatively  free  of 
distortions,  and  the  radar  coordinates  of 
the  original  images  have  been  converted 
to  geographic  coordinates. 

After  selecting  overlapping  images,  the 
system  must  determine  the  misregistration 
between  them.  This  is  because  although 
the  images  are  nominally  registered  with 
geographic  coordinates,  there  are  residual 
errors  caused  by  uncertainties  in  the  loca- 
tion of  the  radar  platform,  noise,  and  the 
radiometric  characteristics  of  terrain.  The 
system  measures  the  misregistration  in 
either  one  of  two  ways:  a  procedure  based 
on  the  correlation  of  the  overlapping  im- 
ages; or,  if  cross  correlation  fails,  a  pro- 
cedure based  on  the  matching  of  contour 
features  that  are  found  by  convolving  the 
images  with  the  Marr-Hildreth  operator 
(the  Laplacian  of  a  smoothing  Gaussian  of 
specified  width). 

After  correction  for  misregistration,  the 
images  are  assembled  (see  example  in 
Figure  1).  Finally,  radiometric  disparities 
between  the  component  images  are  re- 
duced to  smooth  the  transitions  across  the 
seams.  This  is  done  by  a  modified  "feath- 
ering" technique  in  which  the  average  in- 
tensities of  the  picture  elements  in  the 
overlapping  regions  are  used  to  rescale 
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Figure  1.  Images  Are  Assembled  onto  a 
Map  Grid  to  obtain  the  large-scale  mosaic 
image.  First,  images  from  the  same  along- 
track  passes  are  connected  side-by-side  in- 
to long  strips.  Next,  the  adjacent  strips  are 
assembled  to  obtain  the  overall  mosaic. 

the  intensities  throughout  the  images. 
Figure  2  is  an  example  of  a  "feathered" 
mosaic  image. 

The  system  includes  a  VAX-11785  gen- 
eral-purpose computer  with  12  Mbytes  of 
main  memory,  a  Floating  Point  System 
(AP-5210)  array  processor,  two  700-Mbyte 
disk  drives  for  the  manipulation  of  images 
and  the  storage  of  data,  and  a  tape  drive 
for  off-line  storage  of  data.  The  preproc- 
essed images  are  loaded  from  the  tape 
drive.  The  array  processor  is  used  mainly 
for  the  cross  correlation  of  the  component 
images.  The  coefficients  used  for  the 
feathering  scheme  are  calculated  in  the 
general-purpose  computer. 

The  product  mosaics  are  stored  in 
quadrants  of  6000x6000  picture  ele- 
ments each.  From  these  quadrants,  output 
products  of  different  sizes  and  resolutions 
can  be  constructed.  The  generation  of 
large,  high-resolution  mosaics  is  limited  by 
existing  laser-beam  film  recorders.  The 
time  required  to  construct  one  image 
quadrant  is  about  1  hour. 


\  -.                  -    ■'  -v  ■■      <        v"  it  . 

Figure  2.  This  Mosaic  Image  of  Southern 
California  was  made  from  the  33  images 
shown  in  Figure  1.  This  mosaic  covers  an 
area  of  about  400  x  500  km  from  the  Mexi- 
can border  to  the  Sierra  Nevadas. 
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Curlander,  and  S.S.  Pang  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
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General-Purpose  Data-Formatting  Input/Output  System 

Standardized  modules  connect  a  host  computer  to  sources  and  sinks  of  data. 


Amultiplexable  input/output  (I/O)  system 
has  been  developed  as  an  interlace  be- 
tween a  host  computer  and  a  real-time, 
fixed-base  simulator  cockpit.  However,  the 
unit  was  designed  to  be  a  general-purpose 
interface  and  can  be  operated  through  vir- 
tually any  8-  or  16-bit,  transistor/transistor- 
logic-level,  parallel-l/O  port  with  or  without 
handshaking.  It  accepts  byte-coded  data  in 
the  form  of  data  blocks  from  a  host  compu- 
ter and  routes  the  data  to  various  system 
I/O  modules  like  discrete  outputs,  lamp  dri- 
vers, and  seven-segment-display  drivers.  It 
also  formats  and  routes  data  from  input 
modules  back  to  the  host  computer. 

The  total  system  comprises  a  main  cen- 
tral-processing-unit (CPU)  board,  an  inter- 
face board,  and  the  I/O  modules  (see 
figure).  The  printed-circuit  modules  are 
standard  5  by  7  inches  (12.7  by  17.8  cm)  in 
size  and  fit  into  a  standard  44-pin  edge- 
connector-card  cage.  The  two  main  mod- 
ules, the  CPU  and  the  interface  board, 
carry  out  the  data  formatting  and  data 
transfer  between  the  I/O  system  modules 
and  the  host  computer. 

The  CPU  module  is  based  on  an  8085 
8-bit  microprocessor  with  a  bidirectional 
data  bus.  It  is  served  by  32K  of  read-only 
memory  for  the  operating  system  —  so  it 


can  be  expanded  —  and  128K  of  random- 
access  memory  with  an  address-decoding 
mechanism  for  memory  mapping  of  the 
system  I/O  modules.  This  addressing 
mechanism  consists  of  three  8205  1of-8 
binary  decoders  that  generate  24  chip- 
enable  signals  corresponding  to  24  preset 
memory  addresses.  Each  chip-enable  sig- 
nal selects  an  8212  8-bit  I/O  port  (there  are 
two  per  I/O  module),  providing  a  maximum 
capability  of  12  I/O  modules  per  system. 

The  interface  module  is  based  on  an 
8255  programmable  peripheral  interface 
configured  for  tristated  outputs  and  serves 
as  an  interface  between  the  I/O  system 
and  any  host  computer  with  a  parallel  port. 
This  module  also  generates  both  pulse  and 
logic-level  handshaking  as  well  as  micro- 
processor interupts. 

The  I/O  modules  plug  into  a  memory- 
mapped  bus  structure  that  accommo- 
dates up  to  12  modules,  in  addition  to  the 
CPU  and  interface  modules,  in  any  con- 
figuration. Each  I/O  module  takes  up  2 
memory  locations  out  of  the  24  provided  by 
the  addressing  circuitry.  Several  individual 
I/O  modules  have  already  been  designed 
and  implemented  for  this  system,  including 
a  discrete  output  or  lamp-driver  module,  a 
seven-segment-display-driver  module,  and 


a  discrete  input  module  with  switch-de- 
bouncing circuitry  that  reads  in  such  exter- 
nal inputs  as  those  from  switches,  and  en- 
codes the  data  for  transmission  back  to  the 
host  computer.  Other  modules  are  being 
designed  to  drive  alphanumeric  displays 
and  communications  interfaces  and  to 
serve  as  analog-to-digital  and  digital-to- 
analog  converter  modules. 

This  work  was  done  by  Anthony  M. 
Busquets  and  Thomas  W.  Hogge  of  Lang- 
ley  Research  Center.  No  further  informa- 
tion is  available. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research 
Center.  Refer  to  LAR-13529/TN. 
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Optimal  Allocation  of  Tasks  in  Hypercube  Computers 

Uniform  tasks  should  be  distributed  uniformly  or  else  assigned  to  one  processor. 


An  investigation  in  the  theory  of  schedul- 
ing has  yielded  an  optimal  scheme  tor  the 
allocation  of  tasks  among  digital  data  proc- 
essors in  a  hypercube  ensemble.  The 
scheme  applies  to  tasks  that  require  equal 
times  to  execute,  that  can  be  performed  in 
any  order,  and  between  any  two  of  which 
equal  amounts  of  communication  are  re- 
quired. 

Parallel-processing  systems  like  hyper- 
cube ensembles  (see  figure)  have  the  po- 
tential to  reduce  overall  processing  time 
for  a  given  set  of  computational  tasks.  To 
realize  all  or  part  of  this  potential,  it  is  nec- 
essary to  distribute  the  tasks  among  the 
available  processors  in  such  a  way  that  the 
overhead  cost  in  communication  time 
among  tasks  does  not  exceed  the  time 
saved  by  executing  tasks  in  parallel. 

The  optimal-allocation  problem  is  to  allo- 
cate m  independent  tasks  among  n  proc- 
essors in  such  a  way  that  the  completion 
time  or  schedule  length,  S,  has  the 
smallest  possible  value.  The  completion 
time  of  the  ensemble  is  the  execution  time 
plus  communication  time  of  whichever 
processor  takes  the  longest  time  to  com- 
plete its  assigned  sequence  of  tasks.  In  the 
general  case,  where  some  tasks  may  have 
to  be  completed  before  others  are  begun 
and  various  amounts  of  intertask  commu- 
nication are  required, 


Communication/Paths 
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where  e,  =  the  execution  time  of  task  /  on 

processor  /;  cjk  =  the  time  required  for 
communication  from  task  i  to  task  k\  d-  = 
the  cost  per  unit  of  communication  sent 


Processors 


This  Hypercube  Ensemble  of  16  data  proc- 
essors could,  in  principle,  perform  a  com- 
putation 16  times  as  fast  as  could  1  of  the 
processors,  If  not  burdened  by  communica- 
tion among  the  processors.  The  problem  is 
to  allocate  the  tasks  among  the  processors 
to  minimize  the  overall  processing  time. 

from  processor/ to  processor  r,  and  x«  =  1 
when  task  /  is  assigned  to  processor/,  and 
0  otherwise. 

In  the  general  case,  the  minimization  of 
S  is  an  intractable  problem.  However,  in  the 
special  case  of  uniform  execution  and 
communication  times,  the  equation  for  S 
provides  relatively-simple  algebraic  ex- 
pressions for  the  times  required  for  com- 
pletion when  the  tasks  are  allocated  to  one 
processor,  to  all  processors,  and  to  various 
intermediate  subhypercube  combinations 


of  processors.  These  expressions  reveal 
that  whenever  the  ratio  of  the  uniform  exe- 
cution time  for  each  task  to  the  uniform 
communication  time  for  each  pair  of  tasks 
is  less  than  a  factor  that  depends  on  the 
particular  hypercube  configuration  and  on 
m,  then  the  cost  of  interprocessor  com- 
munication is  so  high  that  it  is  better  to  per- 
form all  tasks  on  a  single  processor.  If  the 
execution-time/communication-time  ratio 
exceeds  the  given  factor,  then  S  is  mini- 
mized by  distributing  the  tasks  evenly  over 
all  processors. 

This  work  was  done  by  Moktar  A. 
Salama  of  Caltech  and  Camille  C.  Price 
of  Stephen  S.  Austin  State  University  for 
NASA's  Jet  Propulsion  Laboratory. 
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Pivotal-Function  Assessment  of  Reliability  of  Software 

Improved  estimates  of  reliability  with  statistical  confidence  are  obtained  when 
relatively  few  testing  data  are  available. 


At  any  stage  of  the  software-testing  proc- 
ess, it  may  be  desirable  to  assess  the  cur- 
rent reliability  of  the  software  or  predict  its 
future  behavior.  The  usual  application  of 
asymptotic  results  is  inadequate  for  com- 
puting these  limits,  especially  when  only  a 
small  number  of  bugs  (design  flaws  and 
coding  errors)  have  been  found  during  the 
testing  process.  Consequently,  an  ap- 
proach has  been  developed  to  establish 
the  utility  of  pivotal  functions  for  estimation 
and  prediction  of  the  reliability  of  the  soft- 
ware. 

With  a  geometric  rate  model  as  a  basis, 
pivotal  functions  are  derived  for  generating 
confidence  limits  for  reliability  at  a  speci- 
fied mission  time  and  for  generating  pre- 
diction limits  for  the  time  to  the  next  failure. 
These  confidence  and  prediction  limits 
provide  a  means  of  assessing  the  quality  of 
a  piece  of  software  in  ways  that  account 
for  the  number  of  bugs  found  and  the  ef- 
fects of  sampling  variation  associated  with 
the  random  order  of  discovery  of  bugs. 

The  process  of  testing  and  development 
consists  of  inserting  a  series  of  randomly 
selected  test  cases  into  the  software  and 
correcting  bugs  as  they  occur.  Interest  is 
focused  on  the  intervals  of  time  between 
detections  of  bugs.  In  general,  as  more 
bugs  are  removed,  the  interfailure  times 


are  expected  to  increase.  Hence,  the  re- 
liability of  the  software  is  expected  to  in- 
crease as  the  process  continues. 

Confidence  limits  for  reliability  and  pre- 
diction limits  for  the  time  to  next  failure  are 
derived  on  the  basis  of  Moranda's  geome- 
tric deutrophication  model.  Previous  work 
in  this  area  has  emphasized  estimation  of 
the  parameters  of  the  model  by  least- 
squares  approximation  or  maximum-likeli- 
hood techniques  as  employed  by  Moranda. 
However,  the  emphasis  here  is  on  the  gen- 
eration of  confidence  and  prediction  limits 
for  reliability. 

To  generate  these  limits,  pivotal  func- 
tions are  constructed,  and  the  percentage 
points  of  the  distributions  of  the  pivotals  are 
produced  by  Monte  Carlo  simulation.  The- 
oretically, asymptotic  normality  of  the  esti- 
mators could  be  used  to  construct  asymp- 
totically-distribution-free confidence  limits 
for  reliability.  However,  because  of  the 
inadequacy  of  the  asymptotic  approxima- 
tions for  small  numbers  of  bugs,  confi- 
dence and  prediction  limits  based  on  the 
limiting  distributions  would  be  poor  approx- 
imations to  the  true  limits.  Many  of  the  ex- 
isting software-testing  data  consist  of  rela- 
tively small  numbers  of  bugs  detected,  with 
more  than  50  bugs  detected  being  uncom- 
mon. Unless  other  approaches,  such  as 


estimating  the  percentage  points  of  the 
pivotal  distributions  by  higher-order  ap- 
proximations of  their  moments  are  con- 
sidered, the  use  of  the  simulated  pivotal 
distributions  provides  the  better  way  of 
computing  the  confidence  and  prediction 
limits,  especially  for  real  data,  where  the 
number  of  bugs  discovered  is  small. 

Pivotal  functions  are  effective  tools  for 
the  determination  of  confidence  limits  for 
the  reliability  of  software  and  prediction 
limits  for  the  time  to  next  failure.  The  method 
of  pivotal  functions  provides  exact  confi- 
dence and  prediction  limits  regardless  of 
how  many  bugs  have  been  found  in  the 
software.  Furthermore,  the  distributional 
form  of  the  interfailure  times  does  influ- 
ence the  confidence  level  of  the  prediction 
limits,  but  the  method  of  pivotal  functions 
appears  robust  for  a  special  case  of 
Pareto-distributed  interfailure  times.  Be- 
cause of  the  sensitivity  of  the  model  to  the 
distribution  of  interfailure  times,  the  use  of 
the  Moranda  model  should  be  restricted  to 
cases  in  which  interfailure  times  are  ex- 
ponentially distributed. 

This  work  was  done  by  Kelly  J. 
Hayhurst  of  Langley  Research  Center. 
LAR-13842/TN 
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Managing  Information 
on  Costs 

A  mathematical  model  of 
costs  incorporates  flexibility 
and  many  capabilities. 

The  Cost  Management  Model,  CMM,  is 
a  software  tool  for  planning,  tracking,  and 
reporting  costs  and  information  related  to 
costs.  The  model  is  capable  of  estimating 
costs,  comparing  estimated  costs  to  ac- 
tual costs,  reporting  costs,  performing 
"what-if"  analyses  on  estimates  of  costs, 
and  providing  a  mechanism  to  maintain 
data  on  costs  in  a  format  oriented  to 
management.  A  number  of  supportive  cost 
methods  are  built  in:  escalation  rates, 
production-learning  curves,  activity/event 
schedules,  unit  production  schedules,  a 
set  of  spread  distributions,  tables  of  rates 
and  factors  defined  by  the  user,  and  a  full 
arithmetic  capability.  Import/export  capa- 
bility is  also  possible  with  the  20/20  Spread- 
sheet available  on  Data  General  equip- 
ment. 

The  user  provides  names  to  files,  cost 
elements,  cases,  and  reports.  The  user 
must  also  determine  the  structures  of  files, 
reports,  and  cost-element  hierarchies. 
Data  and  output  can  be  reviewed  without 
having  to  make  printouts  to  enable  focus 
on  the  analysis  of  data. 


The  user  puts  data  into  two  modules. 
One  module  is  the  Input  Processor,  which 
accepts  the  rates,  factors,  and  tabular 
data;  the  other  is  the  Cost  Input  Processor, 
in  which  the  user  enters  costs  and  builds 
the  costing  structure  with  algorithms.  The 
main  module  runs  the  cases  set  up  by  the 
user  with  little  interaction  with  the  user,  and 
the  Report  Writer  enables  the  user  to  gain 
access  to  the  data  files  produced  during 
the  run  and  to  assemble  the  data  into  re- 
ports for  printing.  There  are  three  major 
categories  of  reports:  cost  by  time,  cost  by 
unit,  and  cost  by  unit  by  time. 

CMM  is  a  software  tool  that  requires  a 
competent  analyst  for  effective  applica- 
tion. The  relationship  between  cost  ele- 
ments and  other  elements  and  the  interre- 
lationships between  the  characteristics  of 
cost  elements  must  be  understood  for  ef- 
fective use  of  the  model.  Incorporation  of 
many  capabilities  and  flexibility  for  the  user 
has  also  resulted  in  a  fairly  complex  model. 
That  complexity  has  been  substantially  off- 
set by  providing  the  user  with  a  "user- 
friendly"  screen-input  system.  CMM  pro- 


vides a  "starter  set"  of  case  selection,  in- 
put files,  and  output  reports. 

The  CMM  program  requires  the  AOSA/S 
operating  system  available  on  the  Data 
General  MV  series  computers.  The  pro- 
gram is  written  mainly  in  FORTRAN  77  but 
uses  SGU  (Screen  Generation  Utility).  The 
user  must  have  a  Data  General  package, 
PRESENT,  as  the  Report  Writer  module  if 
CMM  is  used  for  reports.  The  user  must 
have  at  least  10,000  free  blocks  before  at- 
taching CMM  to  the  ID.  The  host  user  must 
have  approximately  100,000  blocks  free  to 
attach  the  entire  contents  of  the  tape. 
CMM  was  developed  in  1988. 

This  program  was  written  by  Zoe  A. 
Taulbee  of  ECO N,  Inc.,  for  NASA's  Jet 
Propulsion  Laboratory. 
MFS-28361/TN 
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112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30620 
(404)  542-3265 
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Software 


Virtual  Frame  Buffer 
Interface  Program 

All  frame  buffers  are 
made  to  appear  as  a 
generic  frame  buffer. 

Large  image-processing  systems  use 
multiple  frame  buffers  with  differing  ar- 
chitectures and  user  interfaces  supplied 
by  vendors.  This  variety  of  architectures 
and  interfaces  creates  problems  in  the 
development,  maintenance,  and  portability 
of  application  computer  programs.  The  Vir- 
tual Frame  Buffer  Interface  program  makes 
all  frame  buffers  appear  as  a  generic 
frame  buffer  with  a  specified  set  of  charac- 
teristics, allowing  programmers  to  write 
codes  that  will  run  unmodified  on  all  sup- 
ported hardware. 

The  Virtual  Frame  Buffer  Interface  pro- 
gram converts  generic  commands  to  ac- 
tual device  commands.  The  virtual  frame 
buffer  consists  of  a  definition  of  capabilities 
and  FORTRAN  subroutines  that  are  called 


by  application  programs.  The  virtual-frame- 
buffer  routines  may  be  treated  as  subrou- 
tines, logical  functions,  or  integer  functions 
by  the  application  program.  Some  of  the  in- 
cluded routines  allocate  and  manage  such 
equipment  as  frame  buffers,  monitors, 
video  switches,  trackballs,  tablets,  and 
joysticks;  give  access  to  image-memory 
planes;  and  generate  alphanumeric  fonts  or 
texts.  The  subroutines  for  the  various  "real" 
frame  buffers  are  in  separate  VAXA/MS 
shared  libraries,  providing  for  modification, 
correction  or  enhancement  of  the  virtual  in- 
terface without  affecting  application  pro- 
grams. 

The  Virtual  Frame  Buffer  Interface  pro- 
gram was  developed  in  FORTRAN  77  for  a 
DEC  VAX  1 1  /780  or  a  DEC  VAX  1 1  /750  com- 


puter under  VMS  4.X  It  supports  ADAGE 
IK3000,  DEANZA  IP8500,  Low  Resolution 
RAMTEK  9460,  and  High  Resolution 
RAMTEK  9460  Frame  Buffers.  This  pro- 
gram was  developed  in  1985. 

This  program  was  written  by  Thomas 
L    Wolfe  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 
NPO-16713/TN 
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112  Barrow  Hall 
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Athens,  GA  30602 
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Electrotechnology 


0689  RIPE  Eases  Software  Development  for  Intelligent  Robots 

0690  Acquisition  of  Spread-Spectrum  Code — The  effects  of  Doppler  shift  and  data 
modulation  are  taken  into  account. 

0691  Array  Feed  to  Compensate  for  Distortion  in  Antenna — An  adaptive  system  partly 
restores  the  desired  far-field  radiation  pattern. 

0692  Controlling  Shape  and  Vibration  of  Antennas — Sensors,  control  subsystems, 
and  actuators  would  be  integrated  to  maintain  high  performance. 

0693  Crystal  Oscillators  Operate  Beyond  Rated  Frequencies — Amplifiers  with  single- 
pole  frequency  responses  are  used  in  their  "roll-off"  regions.  (Licensing 
Opportunity) 

0694  Differential  Sampling  for  Fast  Acquisition  of  Frequency — The  amount  of 
computation  increases  only  linearly  with  the  number  of  measurements. 

0695  Exact  Chord-Length  Distribution  for  SEU  Calculations — Computed  rates  of 
SEU's  can  now  be  more  accurate. 

0696  Flux-Feedback  Magnetic-Suspension  Actuator — Flux  density  is  maintained 
substantially  constant.  (Licensing  Opportunity) 

0697  Forward  Bias  Inhibits  Single-Event  Upsets — Bipolar  integrated  circuits  are  made 
more  resistant  to  ionizing  radiation.  (Licensing  Opportunity) 

0698  Interferometric  Fiber-Optic  Gyroscope — An  integrated  three-waveguide 
directional  coupler  functions  as  a  polarizer  and  splitter. 

0699  Header  for  Laser  Diode — A  package  provides  for  focusing  and  aiming. 

0700  Large-Constraint-Length,  Fast  Viterbi  Decoder — A  scheme  for  efficient 
interconnection  makes  VLSI  design  feasible. 

Software 

0701  Managing  Mobile/Satellite  Propagation  Data — Data  from  experiments  are 
converted  into  standard  and  more  useful  forms. 

0702  More  About  Fixed-Lag  Smoothers  for  Tracking  Carriers — Performance  in  the 
presence  of  fades  can  be  improved. 

0703  Quantized-"Gray-Scale"'  Electronic  Synapses — Parallel  resistors  at  each  node 
would  be  switched  to  adjust  conductive  strength. 

0704  Net  Photorefractive  Gain  in  Gallium  Arsenide — Prerequisite  includes  an  applied 
electric  field. 

0705  Trellis-Coded  MDPSK  System  With  Doppler  Correction — Advanced  features  are 
incorporated  in  equipment  for  mobile/satellite  communications.  (Licensing 
Opportunity) 

0706  Upper-Bound  Estimates  of  SEU  in  CMOS — Limited  experimental  information 
can  be  used  to  make  conservative  design  estimates. 

Software 

0707  TWIRE  Assembled 
Testing  &  Instrumentation 

0708  Electric-Field  Meter  Developed 

0709  Noise-Contamination  Detector — Deviations  in  periods  of  output  from  a  tracking 
filter  are  measured.  (Licensing  Opportunity) 

0710  Testing  Microwave  Landing  Systems  With  Satellite  Navigation — Less  time  and 
equipment  are  needed  to  perform  tests.  (Licensing  Opportunity) 

071 1  Thermal-Interaction  Matrix  for  Resistive  Test  Structure — A  simple  linear  model 
predicts  small  increases  in  temperature. 

Other  Items  of  Interest 

0714      Durable  Bipolar  Plates  for  Lead/Acid  Batteries — Segmented  electrodes  and 

improved  adhesion  increase  cycle  life. 
0726      Determining  Sense  of  Motion  in  Robotic  Vision — Image-processing  algorithms 

are  based  partly  on  natural  visual/mental  processes. 
0746      Dispenser  Cathode  Production 
0751       Hard  Contact  With  a  Force-Reflecting  Teleoperator — Force  feedback  should  be 

adjusted  to  provide  stability  without  sluggish  and  fatiguing  operation. 
0755      Vibrations  Caused  by  Cracked  Turbopump  Bearing  Race — Expansion  gives  rise 

to  eccentricity. 
0759      Small,  Lightweight  Welding-Current  Indicator — A  circuit  is  wrapped  around  a 

transformer  core. 


Technology  Application 


Sandia  National  Laboratory 


RIPE  Eases  Software  Development  for  Intelligent  Robots 


A  software  development  "environment"  that  im- 
proves programmer  productivity,  speeds  the  process  of 
bringing  new  robot  systems  into  use,  and  increases  the 
reliability  of  the  software  that  controls  complex  robot 
systems  has  been  developed  by  computer  scientists  at 
Sandia  National  Laboratories. 

The  economics  of  robot  systems  is  frequently  dom- 
inated by  the  cost  of  software  development.  The  Robot 
Independent  Programming  Environment  (RIPE)  was 
developed  as  a  way  of  simplifying  the  process,  and 
thereby  reducing  those  costs.  To  date,  RIPE  has  been 
successfully  applied  to  widely  differing  intelligent  robot 
systems. 

Sandia  began  developing  intelligent  robot  systems  a 
number  of  years  ago  and  quickly  encountered  the  soft- 
ware complexity  problem.  "After  developing  systems  for 
many  applications  with  varied  robots  and  other  compo- 
nents, we  became  convinced  that  a  better  methodology 
for  software  development  was  needed,"  says  Raymond 
W.  Harrigan,  supervisor  of  Sandia's  Intelligent  Machine 
Systems  Division. 

Reduces  robot-programming  problems 

The  development  of  RIPE  addresses  many  of  the 
problems  common  to  robot  programming.  Typically  only 
a  small  amount  of  computer  code  is  reusable  for  new 
robot  systems,  and  it  is  difficult  to  extend  existing  code 
lo  include  new  tasks  or  new  robot  devices.  Much  lime 
has  to  b-  spent  writing  and  debugging  low-level  (com- 
munication) software. 

These  problems  are  magnified  in  a  situation  where 
different  types  of  robots  are  needed  lor  different  appli- 
.  axions.  This  is  the  case  at  Sandia,  whose  responsibilities 
ior  the  U.S.  Department  of  Energy  require  a  strong 
commitment  to  developing  advanced  robotic  systems  for 
use  in  restricted  or  hazardous  environments  or  in  batch 
manufacturing. 

"We  have  so  many  kinds  of  robots  and  so  many  tasks 
that  we  are  performing  with  them,"  says  David  -I.  Miller, 
co-developer  of  RIPE  with  R.  Charleene  Lennox.  "It  is 
very  time  consuming  to  keep  writing  new  software  every 
time  you  must  develop  a  new  application." 

"The  idea  was  to  come  up  with  a  software  environ- 
ment that  could  be  used  over  and  over  for  these  different 
robots  by  application  developers  having  varying  levels  of 
expertise.  That  way  we  can  implement   projects  more 


quickly  and  get  them  up  and  running  right  away.  We 
don't  have  to  keep  re-inventing  the  wheel. 

"So  many  things  have  a  common  thread  to  them.  All 
robots  perform  the  same  basic  functions,  and  so  I  he  idea 
was  to  find  the  generic  aspects  of  all  these  projects  and 
incorporate  them  into  the  software  environment." 

Lennox  elaborates:  "Every  commercial  robot  is  pro- 
grammed in  a  different  language.  The  software  you  have 
to  write  for  each  one  will  work  only  with  one  robot.  So 
our  aim  was  to  create  a  robot  'object'  to  handle  those 


- 
■    — •■ 


Sandia  computer  scientists  Charleene  Lennox.   Bill   Davi 
and  Dave  Miller  (from  left),  developers  of  the  RIPE  software, 
give  computer  instructions  to  a  robot  (in  background)  to 
and  sample  a  mockup  ol  a  nuclear  waste  shipping  c^-  k 
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things  that  are  specific  to  the  robot,  and  provide  an 
interface  for  the  user — the  programmer  of  the 
application — to  be  able  to  use  the  same  commands  no 
matter  which  robot  he  is  programming." 

Miller  and  Lennox  are  computer  scientists  in  the 
Intelligent  Machine  Systems  Division,  one  of  three  divi- 
sions in  the  Computer  Sciences  Department  collaborat- 
ing in  an  extensive  program  of  robotics  research  and 
development. 

From  their  experience  and  study  of  the  literature, 
Miller  and  Lennox  decided  that  any  new  robot  program- 
ming environment  should  have  three  important  charac- 
teristics. It  should  have  a  "layered"  architecture,  giving 
the  user  flexibility  to  program  at  the  level  that  best 
meets  his  or  her  goals.  It  should  use  an  established 
programming  language  rather  than  a  new  one.  And  it 
should  allow  use  of  multiple  processors,  providing  the 
desired  computing  power  for  real-time,  sensor-based 
control  of  the  robot  system. 

Central  to  the  design  of  RIPE  is  what,  is  called 
"object-oriented"  programming.  In  object-oriented  de- 
sign, software  architectures  are  based  on  the  objects  that 
make  up  a  system  and  its  environment  rather  than  on 
the  functions  it  performs.  The  software  model  is  orga- 
nized around  representations  of  these  objects. 

Object-oriented  design  allows  much  greater  flexibil- 
ity and  reusability  of  software  than  function-oriented 
design,  Miller  and  Lennox  explain.  "You're  defining  the 
objects  independent  of  any  particular  application  of 
them,"  says  Miller.  "The  application  is  determined  by 
how  you  manipulate  the  objects." 

"We've  picked  out  the  objects  that  you  normally 
find,  like  transport  devices,  robots,  sensors,  grabbers, 
tools,  and  work  pieces,  and  we've  defined  those  objects, 
their  attributes,  and  functions  in  a  generic  way,"  says 
Miller.  "They  take  those  generic  objects  and  derive  from 
them  objects  that  are  specific  to  a  device,  such  as  a 
gantry  robot  or  a  force  sensor.  In  addition,  we  define 
nonphysical  objects  representing  other  necessary  com- 
ponents of  the  system,  including  a  communication  han- 
dler, a  world  modeler,  a  path  planner,  and  an  error 
handler." 

"Once  you  have  defined  those  generic  objects  and  a 
way  of  talking  to  them  in  a  generic  fashion,  that  defines 
the  Robot  Independent  Programming  Language  (RIPL), 
which  is  a  major  component  of  RIPE.  RIPL  commands 
are  then  implemented  specifically  for  each  different 
kind  of  device,  such  as  'move'  for  a  robot  or  'send 
message'  for  a  communication  handler." 

Explains  Lennox:  "These  RIPL  commands  provide  a 
common  interface  to  all  the  objects  of  the  same  type." 

With  this  common  interface,  a  user  can  change  one 
robot  for  another  robot  without  having  to  reprogram  the 
application.  "The  application  software  remains  the  same 
because  the  interface  is  the  same  no  matter  what  type  of 
robot  you're  using,"  says  Miller. 


Even  with  a  new  robot,  he  adds,  "the  overall  struc- 
ture is  already  there.  You've  already  defined  the  at- 
tributes that  are  common  to  all  robots.  It's  just  a  matter 
of  filling  in  the  blanks." 

Like  a  family  tree 

The  object-oriented  environment  also  provides  the 
related  concept  of  inheritance.  Once  a  generic  robot 
object  and  a  specific  robot  object  are  defined,  the  latter 
inherits  everything  from  the  former.  "So  you  don't  have 
to  redefine  things,"  says  Miller.  "It's  like  a  family  tree. 
All  the  attributes  at  the  higher  levels  are  inherited  at  the 
lower  levels — they're  known  already.  Once  you  imple- 
ment the  higher  levels,  you  don't  have  to  worry  about 
doing  it  over  again.  It  just  automatically  knows  all  the 
things  above  it." 

According  to  Pat  Kicker,  manager  of  the  Computer 
Sciences  Department,  "RIPE  lias  been  used  successfully 
in  Sandia's  robotic  laboratories  in  demonstrating  rob  ni< 
cask  handling  operations  for  possible  future  nuclear 
waste  facilities."  In  one  case  a  large  pedestal  robot  (a 
Cincinnati  Milacron  robot)  performs  a  complex  se- 
quence of  gas  sampling  and  cask-lid  removal  operations 
on  the  mock-up  of  a  nuclear  waste  shipping  cask.  In 
another,  a  gantry  robot  (made  by  CIMCORP)  perforins 
an  equally  complex  simulated  radiation  contamination 
survey  on  a  cask.  Both  employ  real-time  hybrid  force 
and  position  control  of  the  robot  to  manipulate  tools. 

New  tasks,  as  well  as  new  robots,  are  also  being 
implemented.  RIPE  and  RIPL  a:e  being  used  in  a  robot 
vehicle  development  project.  The  methods  are  also  ap- 
plicable to  other  areas,  for  example  to  weapon  systems 
for  command  and  control. 

"RIPE  and  RIPL  have  the  potential  for  simplifying 
one  of  the  most  time-consuming  and  costly  aspects  of 
using  robotic  systems,"  says  Edwin  H.  Barsis,  director  of 
Computer  Sciences  and  Mathematics.  "And  the  environ- 
ment provides  a  growth  path  for  the  future." 

"As  technology  advances  and  as  we  become  smarter," 
adds  Miller,  "we  can  add  higher-level  capabilities  to  our 
robots  that  use  more  sophisticated  algorithms  lor  path 
planning,  task  planning,  and  execution  monitoring. 
Those  things  are  currently  being  developed  in  our  group 
and  just  naturally  can  be  build  on  top  of  the  environ- 
ment we  now  have.  We  just  continually  extend  it." 
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Acquisition  of  Spread-Spectrum  Code 

The  effects  of  Doppler  shift  and  data  modulation  are  taken  into  account. 


Two  advanced  schemes  for  the  acquisi- 
tion of  direct-sequence  spread-spectrum 
codes  have  been  proposed.  Both  schemes 
take  into  account  the  slippage  of  code 
chips  caused  by  severe  Doppler  shifts  of 
the  carrier  and  code  frequencies.  (As  used 
here,  "chips"  means  periods  of  time  con- 
taining sequences  of  code  bits,  not  small 
pieces  of  silicon  containing  integrated  cir- 
cuits.) In  addition,  one  scheme  takes  ac- 
count of  data  modulation. 

Accurate  and  fast  synchronization  be- 
tween the  spreading  (incoming)  pseudo- 
noise  code  and  the  local  despreading  (re- 
ceiver) code  is  necessary  for  the  efficient 
utilization  of  any  spread-spectrum  system. 
Typically,  the  first  step  in  synchronization  is 
acquisition  of  the  incoming  code.  This  is  a 
process  of  successive  decisions  wherein 
the  ultimate  goal  is  to  bring  the  two  codes 
into  coarse  time  alignment  within  one 
code-chip  interval. 

In  the  proposed  schemes  (see  figure), 
the  uncertain  carrier-frequency  range  and 
uncertain  code-frequency  range  are  parti- 
tioned into  subbands.  Within  each  sub- 
band,  the  code  and  carrier  frequencies  of 
the  local  reference  signal  are  offset  by 
quantized  amounts  that  compensate  as 
much  as  possible  for  the  Doppler  effect, 
thus  limiting  this  effect  in  each  subband 
during  the  correlation  process.  More  sub- 
bands  lead  to  better  performance  but  re- 
quire more  correlators  (i.e.,  higher  cost). 

More  specifically,  the  scheme  for  Dopp- 
ler shift  only  involves  a  coherent  maxi- 
mum-likelihood detector  divided  into  strips, 
each  of  which  does  the  processing  at  a  dif- 
ferent fractional  offset  -t'.  in  the  code- 
chip  time  Tc  (and  thus,  a  corresponding  off- 
set in  code  frequency).  Within  each  strip, 
samples  are  correlated  at  each  of  M,  differ- 
ent time  lags  expressed  as  fractional  code- 
phase  offsets  Tr  The  sampled  correlation 
functions  are  processed  via  a  fast-Fourier- 
transform  algorithm. 
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The  Mj-Lag  Correlator  in  each  strip  of  the  spread-spectrum-code  detector  operates  at  a  dif- 
ferent offset  code-chip  time.  Each  offset  represents  an  assumed  (tentative)  Doppler  shift. 


Where  there  is  no  data  modulation,  the 
integration  time  can  be  arbitrarily  long,  but 
longer  integration  time  results  in  finer 
carrier-frequency  resolution,  hence  requir- 
ing more  filters  to  cover  the  same  uncer- 
tainty. Where  there  is  data  modulation,  the 
integration  time  is  limited  by  the  data-bit 
time.  Thus,  the  scheme  for  use  with  data 
modulation  includes  noncoherent  detec- 
tion to  reduce  the  degradation  of  perform- 
ance due  to  data  modulation  and  to  allow  a 
long  correlation  time  without  necessitating 
a  fast  Fourier  transform  of  a  large  number 
of  points.  The  total  correlation  time  is  parti- 
tioned into  subintervals,  and  the  results  of 
the  integrations  in  the  subintervals  are 
square-law-noncoherently  combined  for 
detection. 


These  schemes  have  a  highly  parallel 
architecture  that  can  be  implemented  with 
currently  available  technology.  It  might 
also  be  possible  to  use  a  hybrid  parallel/ 
serial  architecture  in  which  the  acquisition 
time  varies  in  inverse  proportion  to  the 
number  of  correlators  and  fast-Fourier- 
transform  processors. 

This  work  was  done  by  Unjeng  Cheng, 
William  J.  Hurd,  and  Joseph  I.  Statman 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 
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Array  Feed  To  Compensate  for  Distortion  in  Antenna 

An  adaptive  system  partly  restores  the  desired  far-field  radiation  pattern. 


An  adaptive  array  feed  for  a  paraboloi- 
dal-reflector  antenna  helps  to  compensate 
for  the  effects  of  slow  changes  in  the  shape 
of  the  reflecting  surface;  for  example, 
changes  caused  by  gradients  of  tempera- 
ture or  changes  in  orientation  in  the  gravita- 
tional field.  As  the  reflecting  surface  devi- 
ates from  the  ideal  paraboloidal  shape,  the 
wave  fronts  also  become  distorted,  caus- 
ing a  decrease  in  the  on-axis  amplitude 
and/or  increases  in  the  side-lobe  ampli- 
tudes. The  adaptive  array  feed  counter- 
acts the  distortion  by  illuminating  the  re- 
flector with  wave  fronts  that  have,  in  a 
sense,  the  "opposite"  distortion. 

For  the  purpose  of  numerical  simula- 
tion, the  far-field  of  a  distorted  reflector  is 
first  computed  using  a  diffraction-analysis 
computer  program.  This  computer  pro- 
gram also  incorporates  the  concept  of 
conjugate  field  matching  to  generate  com- 
plex excitation  coefficients  of  the  radiating 
elements  in  the  array.  These  excitation  co- 
efficients can  be  chosen  to  compensate 
the  distortion  partly,  either  maximizing  the 
directivity  in  the  desired  direction  or  reduc- 
ing (or  otherwise  controlling)  the  side  lobes. 
In  practice,  however,  it  is  not  necessary  to 
measure  the  shape  of  the  reflector  directly. 
It  suffices  to  measure  the  amplitude  and 
the  phase  of  the  focal-plane  field  at  a  suffi- 
cient number  of  points  for  an  incoming 
plane  wave. 

In  an  experiment  to  test  the  adaptive- 
array-feed  concept,  an  offset  paraboloidal 
reflector  of  1.832-m  focal  length  was  delib- 
erately machined  with  a  shape  representa- 
tive of  a  typical  thermal  distortion.  The  re- 
flector was  fed  by  an  array  feed  consisting 
of  19  cigar-shaped  elements  spaced  1.06 
wavelength  apart  (at  8.45  GHz).  Each  ele- 
ment was  fed  through  an  analog  phase  shift- 
er and  a  variable  attenuator.  The  amplitude 
and  phase  of  the  reflection  of  an  incoming 
plane  wave  were  measured  at  each  ele- 
ment and  processed  into  excitation  coeffi- 
cients, which  were  used  to  adjust  the 
phase  shifters  and  attenuator  (see  figure). 
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An  Adaptive  Array  Feed  implements  an  algorithm  that  compensates  for  the  distortion  in  the 
radiation  field  caused  by  the  distortion  in  the  reflector. 


The  far-field  pattern  and  the  on-axis  direc- 
tivity were  noticeably  improved  by  the 
compensation.  At  the  present  time,  the 
steps  required  in  the  adaptive  design  were 
implemented  manually.  It  is  planned  to  per- 
form these  steps  automatically  by  perform- 


ing a  computer-controlled  experiment. 

This  work  was  done  by  Y.  Rahmat- 
Samii  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory. 
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Controlling  Shape  and 
Vibration  of  Antennas 

Sensors,  control  subsystems, 
and  actuators  would  be 
integrated  to  maintain 
high  performance. 

A  report  discusses  the  application  of  ad- 
vanced techniques  to  maintain  a  large  wrap- 
rib,  offset-feed  spaceoome  antenna  reflector 
in  the  precise  shape  required  for  high  per- 
formance. The  idea  is  to  use  an  integrated 
system  of  sensors,  a  control  processor,  and 
actuators  to  measure  and  suppress  both 
vibrations  and  static  or  slowly  varying  (e.g., 
thermal)  deviations  from  the  desired  shape. 
The  technology  is  also  applicable  to  other 
elastically  deformable  structures. 

For  the  type  of  antenna  in  question,  it  is 
required  to  provide  knowledge  of  the  static 
shape  to  an  accuracy  of  0.3  mm  and  to  con- 
trol the  static  component  of  deformations 
to  an  accuracy  of  1.0  mm  by  use  of  rib-root 
actuators.  The  determination  of  shape  in- 
volves the  combination  of  mathematical 
modeling  of  deformations  of  the  structure 
with  optoelectronic  sensing  to  estimate 
overall  distortion.  The  control  of  shape  to 
achieve  the  desired  radiation  pattern  incor- 
porates the  estimated-distortion  inputs  and 
synsthesizes  the  predicted  control  func- 
tion to  correct  for  quasi-static  elastic  defor- 
mations. 

It  is  required  to  correct  for  vibrations  of 
the  feed  and  reflector  boom  to  stabilize, 
within  0.07°,  the  hub-to-feed  line  of  sight  of 
a  20-meter  dish  antenna  operating  at  1.61 
GHz.  To  support  such  precise  control,  a 
characterization  of  the  dynamics  of  the 
overall  structure  system,  based  on  in  situ 
measurements  and  processing  methods 
for  identification  of  the  parameters  of  a 
mathematical  model  of  the  dynamics  of 
the  system,  is  integrated  into  the  overall 
control  system. 


For  the  static  component,  the  introduc- 
tion of  statistical  model  errors  enables  the 
treatment  of  effects  that  have  been  ig- 
nored in  the  modeling  or  that  occur  on  too 
fine  a  scale  to  be  modeled  adequately.  As 
a  result,  the  observational  data  can  be  sta- 
tistically referenced  to  a  plant,  and  the  esti- 
mates of  distortion  can  be  addressed  in  the 
mathematical  framework  that  includes 
modeling  errors  and  observational  errors. 
This  makes  it  possible  to  use  a  variety  of 
mathematical  models  and  sensing/actuat- 
ing systems.  The  mathematical  models 
may  range  from  coarse  geometric  models 
that  characterize  overall  features  to  fine- 
scale  structural  models  that  can  resolve  lo- 
cal features.  The  fine-scale  models  are  rep- 
resented by  stiffness  matrices  or  elliptic 
partial  differential  equations. 

For  the  dynamic  component,  an  accu- 
rate mathematical  model  of  the  structure 
is  required.  This,  in  turn,  requires  a  multi- 
faceted  approach.  The  response  to  the  fir- 
ing of  thrustors  is  analyzed  first  by  Fourier 
methods  to  establish  the  integrity  of  the 
system  and  the  existence  of  the  major 
bending  groups  and  to  bound  the  frequen- 
cies and  damping  ratios  of  these  groups. 
These  results  are  used  to  develop  an  input 
sequence  for  precise  identification  of  the 
parameters  of  the  mathematical  model  of 
the  dynamics  of  the  system,  which  maxi- 
mize the  value  of  information  returned  by 
the  sensors. 

For  excitation,  proof-mass  actuators 
(PMA's)  are  used.  Accelerometers  are  dis- 
tributed about  the  antenna  and  support 


structures  in  sufficient  numbers  to  provide 
adequate  observability  of  the  major  dynam- 
ic modes.  Recursive-least-squares,  maxi- 
mum-likelihood-estimation, prediction- 
error,  and  other  processing  methods  in  the 
time  domain  are  used  to  derive  final  pa- 
rameter values. 

The  objective  in  the  control  of  jitter  in  the 
hub-to-feed  line  of  sight  is  to  correct  for 
static  and  dynamic  motions  that  adversely 
affect  the  precision  of  the  radiation  pattern. 
Static  errors  are  caused  by  mechanical 
bias  errors  and  thermal  loading.  Dynamic 
motion  is  caused  primarily  by  firing  of 
thrustors  or  vibrations  induced  by  control- 
moment  gyros.  The  simplest  strategy  for 
the  suppression  of  vibrations  is  to  use  pro- 
portional rate  plus  position  feedback  in  the 
PMA's.  For  increased  performance  and 
suppression  of  higher  frequencies,  the 
linear  quadratic  Gaussian  (LOG)  methodol- 
ogy is  used  to  suppress  jitter  in  each  major 
component  of  the  structure  independently. 
For  highest  precision,  the  measure  of  ra- 
dio-frequency performance  is  maximized 
directly  as  the  control  objective,  again 
using  LOG  methodology. 

This  work  was  done  by  E.  Mettler,  R.E. 
Scheid,  and  D.B.  Eldred  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
"Technologies  for  Antenna  Shape  and 
Vibration  Control. ' ' 
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Crystal  Oscillators  Operate  Beyond  Rated  Frequencies 

Amplifiers  with  single-pole  frequency  responses  are  used  in  their  "roll-off"  regions. 


A  class  of  crystal  oscillators  is  based  on 
the  use  of  negative-voltage-gain  amplifiers 
at  frequencies  well  into  the  "roll-off"  fre- 
quency regions  of  their  gain-versus-fre- 
quency  curves.  This  defining  characteris- 
tic helps  keep  the  costs  of  these  oscillators 
low  in  that  it  is  not  necessary  to  use  the 
more  expensive  amplifiers  that  have  flat 
frequency  responses  out  to  the  desired 
operating  frequencies.  Operation  in  the 
"roll-off"  region  enables  an  amplifier  to  pro- 
duce the  phase  shift  necessary  for  oscilla- 
tion, reducing  the  cost  further  by  elimi- 
nating the  need  for  some  of  the  passive 
components  that  have  to  be  included  for 
this  purpose  in  oscillators  of  more  conven- 
tional design. 

An  oscillator  of  the  new  type  can  include 
a  gate  inverter  operating  as  an  amplifier 
(gate  amplifier),  an  operational  amplifier, 
or  bipolar  transistors.  Several  different 
feedback  schemes  are  available  to  set  the 
desired  current  and  voltage  biases  and  to 
enable  the  oscillator  to  operate  at  the  fun- 
damental frequency  of  the  crystal  or  at  one 
of  its  overtones. 

The  figure  shows  a  fundamental-frequen- 
cy version  and  two  overtone  versions,  all 
containing  gate  amplifiers.  In  the  funda- 
mental-frequency version,  the  crystal  is 
connected  directly  between  the  input  and 
output  terminals  of  the  amplifier.  A  loading 
capacitor  is  connected  between  the  input 
terminal  and  ground.  A  resistor  between 
the  input  and  output  terminals  is  chosen  to 
bias  the  input  and  output  of  the  amplifier  at 
about  half  the  supply  voltage.  This  arrange- 
ment makes  the  gate  amplifier  operate  as 
a  nearly  linear  amplifier  (rather  than  as  the 
on/off  switch  that  it  is  nominally  designed  to 
be)  so  that  the  circuit  can  oscillate.  The 
crystal  exhibits  inductive  reactance  when 
operating  at  its  fundamental  frequency. 
The  combination  of  the  crystal  and  the 
specified  loading  capacitance  constitutes 
a  resonant  circuit  at  this  frequency. 

The  first  overtone  version  is  similar  to 
the  fundamental-frequency  version  except 
that  an  additional  capacitor  is  inserted  in 
series  with  the  crystal.  This  capacitor  is 
selected  so  that  at  the  fundamental  fre- 
quency of  the  crystal,  the  reactance  of  the 
branch  appears  capacitive.  Thus,  the 
capacitor  prevents  oscillation  at  the  funda- 
mental frequency.  At  the  overtone  f  requen- 
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A  Fundamental-Frequency  Oscillator  and  an  Overtone  Oscillator  are  representative  of  the 
new  type  of  crystal  oscillator,  which  operates  at  a  frequency  well  above  the  corner  ("3-dB") 
frequency  of  the  gain-versus-frequency  curve  of  the  amplifier.  The  values  and  type  numbers 
of  the  components  are  given  for  example  only:  others  can  be  used.  The  dashed  lines  indicate 
the  second  overtone  version. 


cy,  the  reactance  of  the  capacitor  is  suffi- 
ciently small  that  the  inductive  reactance 
of  the  crystal  predominates  in  the  series 
combination  and  interacts  with  the  loading 
capacitor  to  form  a  resonant  circuit.  Thus, 
the  circuit  can  oscillate  at  the  overtone  fre- 
quency, even  though  it  cannot  oscillate  at 
the  fundamental  frequency. 

The  second  overtone  version  is  similar 
to  the  fundamental-frequency  version  ex- 
cept that  the  value  of  the  resistor  is  made 
much  smaller.  In  this  case,  the  component 
of  inductive  admittance  due  to  the  resistor 
is  greater  than  the  admittance  of  the  loading 
capacitor  at  the  fundamental  frequency, 
thereby  preventing  oscillation  at  the  funda- 
mental frequency.  On  the  other  hand,  the 
inductive  admittance  at  the  overtone  is 
less  than  the  admittance  of  the  loading 
capacitor,  enabling  oscillation  to  take  place 
at  the  overtone. 


This  work  was  done  by  Leonard  L 
Kleinberg  of  Goddard  Space  Flight 
Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Goddard  Space  Flight 
Center.  Refer  to  GSC-13171/TN. 

Goddard  Space  Flight 
Center 

Technology  Utilization 
Officer:  Donald  S. 
Friedman 
Mail  Code  702.1 
Greenbelt,  MD  20771 
(301)  286-6242 
Patent  Counsel: 
R.  Dennis  Marchant 
Mail  Code  204 
Greenbelt,  MD  20771 
(301)  286-7351 
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Differential  Sampling  for  Fast  Acquisition  of  Frequency 

The  amount  of  computation  increases  only  linearly  with  the  number  of  measurements. 


An  algorithm  rapidly  estimates  the  fre- 
quency of  a  sinusoidal  signal  corrupted  by 
zero-mean,  additive,  white  Gaussian  noise. 
It  incorporates  a  differential  mathematical 
model  of  the  signal,  cyclic  sampling  of  the 
signal,  and  a  least-squares  best-estimate 
criterion.  Because  it  is  recursive  in  the 
measurements,  the  algorithm  can  adapt  to 
a  changing  signal  frequency  (see  figure). 
The  amount  of  computation  required  to  ob- 
tain the  estimate  increases  only  linearly 
with  the  number  of  successive  measure- 
ments to  be  processed. 

Provided  that  the  Nyquist  sampling  cri- 
terion is  met  at  any  signal  frequency  to  be 
encountered,  the  signal  and  noise  can  be 
sampled  at  uniform  or  nonuniform  inter- 
vals. At  any  given  time,  the  N  most-recent 
in-phase  and  N  most-recent  quadrature 
(with  phase  determined  on  the  basis  of  the 
evolving  estimated  frequency)  samples  of 
signal  plus  noise  are  retained. 

In  the  differential  model,  each  in-phase 
and  quadrature  sample  is  expressed  as 
the  first  n  terms  of  a  Taylor  series  expand- 
ed around  the  immediately-preceding  in- 
phase  and  quadrature  samples,  respec- 
tively. The  equations  of  the  model  can  be 
put  in  a  matrix.vector  form  that  includes  (a) 
an  n-dimensional  state  vector  derived  from 
the  measurements  and  (b)  an  n-dimension- 


al  parameter  vector,  the  components  of 
which  are  the  frequency  coefficients  of  the 
Taylor  series.  A  standard  least-squares 
procedure  is  then  applied  to  obtain  a  re- 
cursive or  nonrecursive  expression  for  the 
parameter  vector  in  terms  of  the  measure- 
ments. 

Because  the  noise  component  becomes 
colored  in  the  differential  model,  the  esti- 
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mated  parameter  vector  could  attain  a  bias 
at  low  to  medium  signal-to-noise  ratios. 
This  bias  is  eliminated  by  use  of  an  extend- 
ed least-squares  procedure  that  modifies 
the  measurement  to  effectively  whiten  the 
noise.  The  result  is  a  recursive  extended 
least-squares  algorithm  with  exponential 
measurement-weighting  factors. 

The  dimension  n  of  the  state  and  param- 
eter vectors  does  not  depend  on  the  num- 
ber of  measurements  2N  and  can  be  quite 
small;  e.g.,  four  is  a  typical  value.  Because 
smaller  n  means  less  computation,  this  is 
an  advantage  in  comparison  with  previous 
algorithms  in  which  n  increases  monotoni- 
cally  with  the  product  of  the  uncertainty  in 
frequency  and  the  observation  period.  Al- 
though such  a  simplification  can  cause 
some  loss  of  optimality,  appropriate  sam- 
pling procedures  can  make  the  loss  in  op- 
timality insignificant.  The  reported  work 
also  presents  an  extension  of  the  basic 
algorithm  for  the  estimation  of  various 
derivatives  of  the  frequency  when  this  is 
desirable. 

This   work  was  done  by  Rajendra 
Kumar   of   Caltech    for   NASA's    Jet 
Propulsion  Laboratory. 
NP0-17358/TN 
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Exact  Chord-Length  Distribution  forSEU  Calculations 


Computed  rates  of  SEU's  can  now  be  more  accurate. 


The  exact  integral  chord-length  distribu- 
tion has  been  derived  tor  use  in  calcula- 
tions of  the  rates  of  single-event  upsets 
(SEU's)  (changes  in  logic  states)  caused  by 
the  impingement  of  cosmic  rays  or  other 
ionizing  radiation  on  electronic  logic  cir- 
cuits. The  integral  chord-length  distribution 
C(x)  gives  the  fraction  of  all  chords  (repre- 
senting paths  of  isotropically  incident  ion- 
izing particles)  through  a  rectangular  paral- 
lelepiped that  have  length  x  or  greater.  The 
rectangular  parallelepiped  represents  the 
SEU-sensitive  volume  of  an  electronic 
device.  C(x)  is  used  in  conjunction  with  the 
differential  linear  energy  transfer  (LET) 
spectrum  of  the  ionizing  radiation  to  cal- 
culate the  rate  of  SEU  in  the  device.  One 
can  also  use  the  differential  chord-length 
distribution  with  the  integral  LET  spectrum. 

The  exact  C(x)  is  derived  from  Coleman's 
differential  chord-length  distribution  Pyix). 
The  exact  C(x)  is  specified  by  a  com- 
plicated set  of  equations  that  involve  x  and 
the  dimensions  a,  b,  and  c  of  the  paral- 
lelepiped. Each  equation  is  applicable  be- 
tween certain  limiting  values  of  x  that  de- 
pend on  the  relative  values  of  a,  b,  and  c. 
The  exact  C(x)  has  been  used  to  evaluate 
other  chord-length  distributions  —  espe- 
cially that  of  Bradford,  which  has  been 
called  "semi-exact"  because  it  is  exact  on- 
ly at  x<o  (see  figure). 

In  principle,  it  makes  no  difference 
whether  one  uses  the  integral  chord-length 


araai 

/ 


/ 


20  30 

Chord  Length,  xiym) 


101 


102 


LET,  MeV(mQ(cm2 


The  Integral  Chord-Length  Distribution  C(x)  was  calculated  by  the  Bradford  (semi-exact) 
equations  and  the  exact  equations  for  a  parallelepiped  of  a  =  1Mm,  b  =  4Mm,and 
c  =  40Mm.  The  two  distributions  were  used  to  calculate  the  differential  SEU  rate.  The 
rates  of  SEU  calculated  with  Bradford's  equations  are  too  high. 


distribution  with  the  differential  LET  spec- 
trum or  the  differential  chord-length  distri- 
bution with  the  integral  LET  spectrum  to 
calculate  the  rate  of  SEU.  It  can  be  shown 
analytically  that  both  yield  the  same  result. 
However,  each  method  has  its  advantages 
and  disadvantages,  depending  on  the 
available  LET  spectral  data  and  computing 
capabilities.  Now  that  the  exact  C(x)  has 
been  found,  one  can  choose  the  better  of 


the  two  methods  for  the  problem  at  hand 
without  having  to  sacrifice  accuracy  in  the 
calculated  rate  of  SEU. 

This  work  was  done  by  Martin  G. 
Buehler  of  Caltech  and  Keung  L.  Luke  of 
California  State  University  for  NASA's  Jet 
Propulsion  Laboratory. 
NP0-17657/TN 
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Flux-Feedback  Magnetic-Suspension  Actuator 

Flux  density  is  maintained  substantially  constant. 


The  flux-feedback  magnetic-suspension 
actuator  provides  magnetic  suspension 
and  control  forces  that  have  a  linear  trans- 
fer characteristic  between  force  com- 
mand and  force  output  over  a  large  range 
of  gaps.  Hall-effect  devices  are  used  as 
sensors  for  an  electronic  feedback  circuit 
that  controls  currents  flowing  in  the  elec- 
tromagnetic windings  to  maintain  the  flux 
linking  the  suspended  element  at  a 
substantially  constant  value  independent 
of  changes  in  the  length  of  the  gap.  This 
technique  provides  an  effective  method  for 
the  maintenance  of  a  constant  flux  density 
in  the  gap  and  is  simpler  than  such  previ- 
ous methods  as  calculation  of  the  current 
required  to  produce  a  given  flux  based  on 
measurement  of  the  gap. 

The  simplified -schematic  diagram  shown 
in  the  figure  can  be  used  to  describe  the 
basic  approach.  Upper  and  lower  electro- 
magnets with  currents  lu  and  lL  produce 
forces  Fu  and  FL  on  an  element  suspended 
in  the  middle  between  the  electromagnets 
at  a  gap  distance  G0  from  the  pole  at  the 
face  of  the  upper  electromagnet.  Because 
this  type  of  electromagnet  produces  an  at- 
tractive force  only,  two  such  magnets  are 
required  to  produce  a  bidirectional  force.  A 
position  sensor  measures  the  displace- 
ment G  of  the  suspended  element  with 
respect  to  the  centered  position.  Informa- 
tion on  this  position  is  required  for  active 
control  of  the  suspended  element. 

Under  the  customary  simplifying  as- 
sumptions, the  flux,  <t>,  in  an  electromagnet 
is  directly  proportional  to  the  current  in  the 
coil  of  the  electromagnet.  The  force  pro- 
duced by  the  upper  and  lower  elements 
can  then  be  expressed  as 

Fu  =  K*l 
FL  =  K*l 

Using  these  equations,  the  equations  for 
the  flux-feedback  approach  can  then  be 
developed.  For  a  bearing-element  pair  of 
electromagnets  with  differential  control  of 
flux,  the  total  force  is  expressed  by 

FT=Fu-FL 
which  can  be  rewritten  as 

FT=K(*l-<t>l) 

With  differential  control  about  a  bias  flux 
0&  the  fluxes  in  the  upper  and  lower  gaps 
become 


Hall-Effect  Devices  Are  Used  as  Sensors  in  an  electronic  feedback  circuit  that  controls  the 
suspension  of  a  ferromagnetic  element  between  two  magnets. 


where  <1>C  is  the  commanded  change  in 
flux.  The  substitution  of  these  expressions 
into  the  equation  for  the  total  force  yields 
Fr=K{[4>2  +  2<t>o0c  +  4>2]- 

[0§-2*d>c+4>H} 
which  simplifies  to 

FT  =  4K<t>0<Dc 

By  making  the  definitions 


and 


*, 


4KO0  =  KF 


the  total  actuator-force  output,  FT,  as  a 
function  of  the  command-force  input  can 
be  expressed  by 


Ft  =  KFFC 

Applications  include  magnetic  actua- 
tors for  control  of  the  shapes  and  figures  of 
antennas  and  of  precise  segmented  reflec- 
tors, magnetic  suspensions  in  devices  for 
the  storage  of  angular  momentum  and/or 
kinetic  energy,  and  systems  for  the  control, 
pointing,  and  isolation  of  instruments. 

This  work  was  done  by  Nelson  J.  Groom 
of  Langley  Research  Center  Further  in- 
formation may  be  found  in  NASA  TM- 
100672  [N89-21 135],  Price  Code:  A03  "A 
Magnetic  Bearing  Control  Approach 
Using  Flux  Feedback. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
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placed  for  an  extra  fee  by  calling  (800) 
336-4700. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research 
Center.  Refer  to  LAR-13785/TN. 
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Forward  Bias  Inhibits  Single-Event  Upsets 

Bipolar  integrated  circuits  are  made  more  resistant  to  ionizing  radiation. 


Tests  show  that  the  resistance  of  a  bipo- 
lar integrated  logic  or  memory  circuit  to 
single-event  upsets  can  be  increased  by 
imparting  forward  bias  to  the  diode  consti- 
tuted by  the  buried  layer  of  the  substrate 
and  the  collector.  The  susceptibility  of  the 
conventional  design  to  single-event  upsets 
is  illustrated  in  Figure  1.  The  buried-lay- 
er/substrate  diode  is  reverse-biased  to  pre- 
vent the  leakage  of  current  between  adja- 
cent transistors.  Because  of  this  reverse 
bias,  an  energetic  ion  that  penetrates  the 
buried  layer  can  cause  the  collection  of 
charge  at  the  buried-layer/substrate  junc- 
tion. Schematically,  this  is  represented  as  a 
pulse  of  current  l^t)  in  the  buried-layer/sub- 
strate diode  Dg. 

An  integrated-circuit  chip  containing 
four  random-access  memory  cells  (also 
shown  schematically  in  Figure  1)  was  built 
to  test  its  behavior  under  irradiation  at  vari- 
ous degrees  of  forward  bias.  Transistors  T, 
and  T2  are  for  data  storage.  Diodes  D.,  and 
D2,  which  are  formed  by  short  circuiting 
the  base  and  collector  contacts  of  tran- 
sistors, are  used  to  read  and  write  data  in 
the  memory  cell.  The  lateral  dimensions  of 
three  of  the  cells  were  2,  4,  and  10  times, 
respectively,  those  of  the  smallest  cell.  The 
cells  were  laid  out  at  the  corners  of  the 
chip,  away  from  each  other,  so  that  they 
would  not  interfere  with  each  other  when 
the  buried-layer/substrate  diodes  were 
forward-biased. 

During  the  tests,  each  of  the  cells  was 
powered  with  a  cell  current  of  50  uA  during 


Figure  2.  The  Single-Event-Upset  Cross 
Section  of  the  largest  test  cell  decreases 
dramatically  as  the  bias  changes  from  - 10 
Vto  +0.1  V. 
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Figure  1.  The  Conventional  Silicon  Bipolar  IntegratedCircuit  Transistor,  as  part  of  a  memory 
cell,  is  vulnerable  to  single-event  upsets  caused  by  energetic  ions  that  penetrate  through  the 
buried  layer  into  the  substrate.  The  test  cells  provide  for  the  application  of  forward  bias  to 
the  buried-layer/substrate  diodes  of  the  transistors  in  these  cells  to  reduce  the  susceptibility 
of  these  cells  to  single-event  upsets. 
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irradiation  by  150-MeV  iron  ions.  As  the 
bias  on  the  buried-layer/substrate  diode 
was  varied  from  full  reverse  (-10  V)  to 
slightly  forward  ( +0.1  V),  the  single-event- 
upset  cross  section  of  the  largest  cell  de- 
creased by  a  factor  of  about  1,000  (see  Fig- 
ure 2).  The  cross  section  began  to  increase 
again  as  the  forward  bias  rose  to  0.2  V  be- 
cause the  logic-voltage  margin  decreased 
with  the  increase  in  forward  bias. 

The  single-event-upset  cross  sections  of 
the  smaller  cells  were  not  decreased  by 
forward  bias.  This  was  because  the  50-uA 
operating  current  was  chosen  to  suit  the 
largest  cell.  The  smaller  cells  should  exhibit 
behavior  similar  to  that  of  the  largest  cell 
when  the  proper  current  is  applied. 


This  work  was  done  by  John  A. 
Zoutendyk  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA 's  Resident  Office- 
JPL.  Refer  to  NPO-17573/TN. 
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Interferometric  Fiber-Optic  Gyroscope 

An  integrated  three-waveguide  directional  coupler  functions  as  a  polarizer  and  splitter. 


A  fiber-optic  gyroscope  (see  Figure  1)  in- 
corporates a  novel  three-waveguide  direc- 
tional coupler  that  functions  both  as  a  polar- 
izer and  as  a  splitter.  The  coupler  is  intended 
for  eventual  fabrication  as  in  a  mass-pro- 
ducible integrated  optical  circuit  that  would 
provide  advantages  including  low  drive 
voltage,  large-bandwidth  phase  modula- 
tion, preservation  of  polarization  in  trans- 
mission between  the  devices  on  the  same 
substrate,  and  low  cost. 

The  design  of  the  new  coupler  avoids  a 
deficiency  noted  in  the  "Y-tap"  configura- 
tion tried  in  an  earlier  multifunction  circuit. 
In  that  configuration,  when  the  front-end 
splitter  was  fabricated  in  a  single  integrat- 
ed optical  circuit,  power  radiating  from  one 
tap  recoupled  into  the  other  tap. 

The  source  of  light  for  the  gyroscope  is  a 
superluminescent  laser  diode  that  has  a 
middle  wavelength  of  1,300  nm  and  a 
bandwidth  of  20  nm.  An  output  of  ISO^Wof 
output  from  the  diode  is  coupled  into  a 
single-mode  optical-fiber  "pigtail"  con- 
nected to  one  port  of  a  3-dB  polished  fiber 
coupler.  An  InGaAs  positive/intrinsic/nega- 
tive field-effect-transistor  detector  is  con- 
nected to  another  port  of  the  coupler.  Yet 
another  port  of  the  coupler  is  connected  to 
the  integrated  optical  substrate,  and  the 
fourth  port  is  connected  to  a  power-moni- 
toring detector  (not  shown).  The  polished 
fiber  coupler  is  made  from  the  polarization- 
maintaining  fiber.  The  coupler  has  polariza- 
tion cross  coupling  of  less  than  -  18  dB  for 
all  ports  and  has  a  0.9  dB  insertion  loss. 

The  integrated  circuit  consists  of  the 
three-waveguide  directional  coupler  with  a 
phase  modulator  on  one  of  the  wave- 
guides. The  coupler  is  designed  with  trans- 
verse electric  (TE)  polarization  in  the  bar 
state  (two  coupling  lengths)  and  transverse 
magnetic  (TM)  polarization  in  the  cross 
state  (one  coupling  length).  The  TM  light 
entering  the  middle  waveguide  splits  into 
the  outer  guides,  which  are  connected  to 
the  sensing  coil  of  the  gyroscope.  The  in- 
tegrated circuit  is  fabricated  in  Z-cut, 
Y-propagating  lithium  niobate,  by  diffusing 
titantium  and  indium  into  the  LiNb03 
substrate  to  make  a  waveguide  structure 
for  single-mode  operation.  A  2,000-A -thick 
Si02  buffer  layer  deposited  from  chemical 
vapor  prevents  TM  loading  of  the  alumi- 
num electrodes.  When  used  passively  in 
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Figure  1.  The  Interferometric  Fiber-Optic  Gyroscope  includes  a  combined  polarizer  and 
splitter  that  can  be  implemented  as  a  single  integrated  optical  circuit. 


the  gyroscope,  the  integrated  circuit  has  a 
polarization  extinction  ratio  of  20  dB  and  a 
TM  splitting  ratio  of  1.01. 

The  sensing  coil  of  the  gyroscope  is  16 
cm  in  diameter  and  quadrupole-wound 
with  884  m  of  polarization-maintaining  fi- 
ber. The  coil  has  a  polarization  extinction 
ratio  of  8.6  dB  (compared  to  19  dB  when 
loosely  wound)  and  a  loss  of  1 .0  dB.  During 
open-loop  testing  without  phase  modula- 
tion and  with  no  rotation,  the  power  reach- 
ing the  detector  is  0. 1 8  ^W.  The  total  loss  in 
the  system  is  26.6  dB;  7.8  dB  due  to  the 
round  trip  through  the  fiber  coil,  and  18.8 
dB  due  to  the  two  passes  through  the  in- 
tegrated optical  circuit. 

Nonoptimum  coupling  of  the  TM  mode 
in  the  polarizer/splitter  contributes  3.2  dB 
of  the  9.4  dB  total  loss  per  pass  through  the 
integrated  optical  circuit.  The  remaining 
6.2  dB  of  insertion  loss  is  due  to  coupling 
between  the  fibers.  To  reduce  the  4-per- 
cent Fresnel  reflections  at  the  interfaces 
between  the  fibers  and  the  lithium  niobate, 


the  interfaces  are  angled.  However,  the 
angling  increases  the  coupling  loss  from 
1.1  dB  to  3.1  dB  per  interface. 

Figure  2  shows  the  data  obtained  when 
the  gyroscope  was  used  to  detect  the  rota- 
tion of  the  Earth  with  the  axis  of  the  coil  held 
horizontally  at  a  latitude  of  40°38'.  The 
phase  modulator  was  driven  by  a  ±4.5  V 
square  wave  to  produce  a  ±90°  phase 
shift  at  the  coil  eigenfrequency  of  115  kHz. 
The  gyroscope  exhibited  a  phase  noise  of 
0.63C7h)/Hz'/2  with  a  lock-in  amplifier  time 
constant  of  1 .0  s  and  a  1 2-dB/octave  rolloff . 
This  corresponds  to  a  random  walk  of 
0.011  °/h'/2,  which  is  within  a  factor  of  3  of 
the  shot  noise  limit,  0.0042  °/h'/2. 

This  work  was  done  by  Ramon  P. 
DePaula  of  Caltech  and  Gail  A.  Bogert 
and  William  J.  Minford  of  AT&T  Bell 
Laboratories  for  NASA's  Jet  Propulsion 
Laboratory. 
NP0-17515/TN 
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Figure  2.  The  Fiber-Optic  Gyroscope  Detects  the  11.4°/h  horizontal  component  of  the 
Earth's  rotational  velocity  at  Allentown,  PA.  (latitude  40°  38').  The  graph  shows  the  output  of 
the  gyroscope  with  the  axis  of  the  sensing  coil  pointing  in  the  indicated  directions. 
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Header  for  Laser  Diode 

A  package  provides  for  focusing  and  aiming. 


A  header  has  been  designed  to  contain 
a  laser  diode,  the  output  of  which  is  to  be 
combined  incoherently  with  the  outputs  of 
other  laser  diodes  in  a  grating  laser-beam 
combiner  in  an  optical  communication  sys- 
tem. The  header  is  a  package  that  provides 
the  electrical  connections  to  the  laser  di- 
ode, cooling  to  thermally  stabilize  the  laser 
operation,  and  optomechanical  adjust- 
ments that  steer  and  focus  the  laser  beam. 
The  range  of  adjustments  provides  for  cor- 
rection of  the  worst-case  decentering  and 
defocusing  of  the  laser  beam  typically  en- 
countered with  laser  diodes. 

The  mechanical  configuration  of  the 
header  is  made  relatively  simple  to  pro- 
mote stability  and  keep  the  cost  low.  The 


cost  is  also  kept  down  by  the  use  of  com- 
mercially available  lenses.  The  number  of 
lenses  is  made  as  small  as  possible,  con- 
sistent with  the  needed  adjustments,  to 
keep  reflection  losses  low.  The  only  major 
disadvantage  of  these  design  choices  is 
that  alignment  has  to  be  performed  manu- 
ally in  a  process  that  can  be  tedious  and 
time-consuming. 

The  header  includes  a  two-piece  cylin- 
der, 0.75  in.  (19.05  mm)  in  diameter,  con- 
sisting of  the  diode  housing  and  the  optical- 
assembly  housing  (see  figure).  The  laser 
diode  is  held  in  the  diode  housing  by  a 
threaded  retainer  ring,  which  presses  down 
on  the  flange  of  the  diode  package.  Three 
0-80  screws  (not  shown)  protrude  radially 
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The  Laser-Diode  Header  provides  electrical  and  thermal  connections  to  the  diode  and 
optomechanical  adjustments  to  focus  and  aim  the  laser  beam. 


outward  from  the  diode  housing.  These 
serve  as  a  diode-centering  adjustment, 
providing  a  worst-case  diode  decenter  of 
12.7  /jm.  They  are  removed  once  the  diode 
is  centered  and  the  diode-retaining  ring  is 
tightened.  The  optical-assembly  housing 
holds  the  entire  optical  system,  which  con- 
sists of  the  coarse  collimator,  the  fine-focus 
system,  and  the  vernier  steering  system. 

The  coarse  collimator  (4.7-mm  focal 
length)  is  positioned  so  that  when  the  diode 
and  optical-assembly  housings  are  screwed 
together,  it  collimates  the  output  of  the 
laser  diode.  The  degree  of  collimation  is 
determined  by  the  accuracy  of  the  diode- 
to-collimator  separation,  which  is  set  by 
shim-stock  spacers  to  obtain  a  despacing 
accuracy  of  12.7  ysv\.  The  worst -case  de- 
spacing  of  12.7  /jm  results  in  an  excess  diver- 
gence of  0.6  mrad.  The  fine-focus  system  is 
used  to  eliminate  this  excess  divergence. 

The  fine-focus  system  consists  of  two 
lenses,  one  planoconcave  (focal  length 
-10  cm)  and  one  planoconvex  (focal 
length  +10  cm).  When  the  lenses  are  but- 
ted together,  the  fine-focus  system  has  no 
optical  power,  but  as  the  lenses  are  moved 
apart,  their  optical  power  increases.  A  sep- 
aration range  of  6.0  mm  corrects  for  the 
excess  divergence.  Separation,  again,  is 
effected  with  shim  stock  spacers,  with  a 
worst-case  despacing  of  12.7^m.  Because 
the  focal  lengths  of  the  fine-focus  elements 
are  21  times  that  of  the  coarse  collimator, 
the  fine-focus  system  is  much  less  sen- 
sitive to  spacing  errors.  The  worst-case 
spacing  error  of  12.7  \jtt\  results  in  a  de- 
focus  of  20  ^rad,  which  is  less  than  10  per- 
cent of  the  diffraction  limit  and  is  consid- 
ered acceptable. 

The  worst  case  decentering  of  the  laser 
diode,  12.7  \£T\,  corresponds  to  a  beam- 
steering  error  of  ~2.5  mrad,  and,  there- 
fore, a  vernier  pointing  lens  is  included  to 
correct  for  this.  This  lens,  which  has  a  di- 
ameter of  7  mm  and  a  focal  length  of  1  m,  is 
mounted  in  a  pair  of  nested  eccentrics, 
which  provide  ±2.5  mm  of  lateral  move- 
ment in  any  direction.  Once  the  desired 
alignment  is  achieved,  all  optical  elements 
are  locked  in  place  with  the  threaded  re- 
taining rings. 

This  work  was  done  by  Jonathan  A.R. 
Rail  and  Paul  L.  Spadin  of  Goddard 
Space  Flight  Center. 
GSC-13234/TN 
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Large-Constraint-Length,  Fast  Viterbi  Decoder 

A  scheme  for  efficient  interconnection  makes  VLSI  design  feasible. 


A  concept  for  a  fast  Viterbi  decoder  pro- 
vides for  the  processing  of  convolutional 
codes  of  constraint  length  K  up  to  15  and 
rates  of  1/2  to  1/6.  A  fully  parallel  (but  bit- 
serial)  architectu  re  has  been  developed  for 
a  decoder  of  K  —  7  to  be  implemented  in  a 
single  dedicated  very-large-scale  inte- 
grated (VLSI)  circuit  chip.  Such  a  chip  can 
be  used  as  a  building  block  for  decoders  of 
larger  K. 

The  number  of  states  in  a  Viterbi  decod- 
er increases  exponentially  with  K,  and  the 
number  of  interconnections  increases  in 
the  same  proportion.  The  partition  of  the 
De  Bruijn  graph  that  describes  a  Viterbi 
decoder  involves,  in  general,  many  inter- 
connecting wires.  The  problem  is  to  find  a 
partition  that  reduces  the  number  of  inter- 
connections and,  in  addition,  produces 
universal  building  blocks  independent  of 
the  overall  size  of  the  decoder. 

The  design  of  the  new  chip  and  the  cir- 
cuit board  on  which  the  chips  are  mounted 
is  based  on  a  new,  hierarchical  partition  of 
De  Bruijn  graphs,  which  reduces  the  num- 
ber of  external  interconnections  required 
to  implement  a  Viterbi  decoder.  The  parti- 
tion is  nested  in  the  sense  that  a  decoder  of 
constraint  length  K  can  be  obtained  from 
two  decoders  of  constraint  length  K-~\. 
This  partition  is  completely  regular;  i.e.,  it 
consists  of  identical  building  blocks  at  two 
distinct  levels  (chips  and  boards).  This 
makes  it  possible  to  implement  a  Viterbi 
decoder  of  any  K;  of  course,  the  amount  of 
hardware  increases  exponentially  with  K. 

The  conceptual  design  for  the  K=  15 
decoder  (see  figure)  requires  16  identical 
circuit  boards,  each  containing  16  identical 
chips.  Each  chip  contains  32  butterfly  proc- 
essors, making  a  total  of  16x16x32  = 
8,192  butterfly  processors.  The  layout  of 
each  chip  as  well  as  the  layout  of  a  single 
board  does  not  depend  upon  the  size  of  the 
complete  system:  only  the  wiring  between 
boards  has  to  be  modified  to  accommo- 
date different  constraint  lengths. 

The  use  of  custom-made  microcircuits 
is  essential  to  the  construction  of  the  K  = 
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The  Large-Constraint-Length  Viterbi  Decoder  contains  six  major  functional  blocks.  The  VLSI 
circuits  perform  branch  metric  computations,  add-compare-select  operations,  and  then 
store  the  decisions  in  the  traceback  memory.  The  traceback  processor  then  reads  the  appro- 
priate memory  locations  and  puts  out  decoded  bits. 


15  decoder.  Without  the  latest  technology 
in  application-specific  integrated  circuits, 
the  decoder  would  be  too  large,  too  expen- 
sive, and  too  unreliable  to  be  practical.  The 
low-power  complementary  metal  oxide 
semiconductor  (CMOS)  circuits  envisioned 
for  the  8,192  butterfly  processors  and  sup- 
porting equipment  are  expected  to  con- 
sume less  than  50  W  when  operating  at  full 
speed  (>  1  Mb/s). 

This  work  was  done  by  0.  Collins,  S. 
Dolinar,  In-Sheck  Hsu,  F.  Pollara,  E. 
Olson,  J.  Statman,  and  G.  Zimmerman  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 


Patent  Counsel,  NASA 's  Resident  Office- 
JPL.  Refer  to  NP0-16639/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
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L  Chalfin 
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Managing  Mobile/Satellite 
Propagation  Data 

Data  from  experiments  are 
converted  into  standard 
and  more  useful  forms. 

The  "Data  Management  System  for 
Mobile  Satellite  Propagation"  software 
package  is  a  collection  of  FORTRAN  pro- 
grams and  UNIX  shell  scripts  designed  to 
handle  the  huge  amounts  of  data  resulting 
from  mobile/satellite  radio-propagation  ex- 
periments. These  experiments  are  designed 
to  assist  in  defining  channels  for  mobile/ 
satellite  radio-communication  systems.  By 
understanding  multipath-fading  character- 
istics of  a  channel,  Doppter  effects,  and 
blockage  due  to  artificial  objects  as  well  as 
natural  surroundings,  the  channel  can  be 
characterized.  Experiments  in  propagation 
are  then  performed,  using  a  prototype  of 
the  system  that  simulates  the  ultimate  prod- 
uct environment.  After  the  data  from  these 
experiments  are  generated,  the  researcher 
must  gain  access  to  these  data  with  a  mini- 
mum of  effort  and  use  the  data  to  derive 
some  standard  results. 

The  programs  included  in  this  software 
package  manipulate  the  data  files  gener- 


ated by  the  NASA/JPL  Mobile  Satellite  prop- 
agation experiment  on  an  interactive  basis. 
In  the  experiment,  a  transmitter  operating  at 
869  MHz  was  carried  to  an  altitude  of  32  km 
by  a  balloon.  A  vehicle  within  the  line  of  sight 
of  the  transmitter  was  then  driven  around, 
splitting  the  incoming  signal  into  in-phase 
and  quadrature  channels  and  sampling  the 
strength  of  the  resulting  signal  1,000  times 
per  second.  The  data  were  collected  at 
various  antenna-elevation  angles  and  dif- 
ferent times  of  day.  The  angles  and  times  of 
day  constitute  ancillary  data. 

This  software  package  contains  a  pro- 
gram to  convert  the  binary  format  of  the 
data  into  standard  ASCI  I  format  suitable  for 
use  with  a  wide  variety  of  computing-ma- 
chine architectures.  Also  included  is  a 
UNIX  shell  script  designed  to  parse  this 
ASCII  file  into  those  records  of  data  that 
match  the  researcher's  desired  values  for 
the  ancillary-data  parameters.  In  addition, 
four  FORTRAN  programs  are  included  to 


obtain  standard  quantities  from  the  data. 
Such  quantities  as  the  probability  of  signal 
level  greater  than  or  equal  to  a  specified 
signal  level,  probability  densities  of  the 
signal  levels,  frequency  of  duration  of  fade, 
and  Fourier  transforms  of  the  sampled 
data  can  be  generated  from  the  data  from 
the  experiment  on  propagation. 

All  programs  in  this  package  are  written 
in  either  FORTRAN  77  or  UNIX  shell 
scripts.  The  programs  were  developed  in 
1 987  for  use  with  a  U  N IX  operating  system 
on  a  DEC  MicroVAX  computer. 

This  program  was  written  by  Anil  V. 
Kantak  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory.       NPO-17269/TN 
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More  About  Fixed-Lag 
Smoothers  for 
Tracking  Carriers 

Performance  in  the  presence 
of  fades  can  be  improved. 

A  report  amplifies  and  extends  the  sub- 
ject matter  of  "Performances  of  Fixed-Lag 
Phase-Smoothing  Algorithms"  (NPO- 
17202),  NASA  Tech  Briefs,  Vol.  14,  No.  1, 
page  73.  Intended  originally  for  use  in  the 
reception  of  weak  phase-modulated  sig- 
nals in  NASA's  Deep  Space  Network, 
fixed-lag  smoothers  can  also  be  used  to 
mitigate  the  effects  of  short,  deep  fades, 
including  multipath  effects,  in  mobile  or 
fixed  terrestrial  receivers  of  frequency-  or 
phase-modulated  signals. 

The  problem  is  to  estimate  the  phase 
and  frequency  of  a  sinusoidal  carrier  signal 
in  the  presence  of  process  noise  (phase 
noise  in  the  received  signal  generated  by 
the  transmitter  or  the  propagation  of  the 
signal)  and  additive  observation  noise  (un- 
avoidable thermal  noise  generated  by  the 
receiver).  In  the  receiver,  raw  estimates  of 
the  frequency  and  phase  are  produced  by 
a  phase-locked  loop  and  refined  by  a  post- 
loop  correction  filter,  which,  in  this  case,  is 
a  digitally-implemented  fixed-lag  smooth- 
ing filter.  The  general  problem  of  optimal 
filtering  and  smoothing  is  nonlinear  and  in- 
tractable, but  linear  and  nonlinear  fixed-lag 
smoothers,  which  are  suboptimal,  can  be 
designed  to  enhance  the  reception  of 
weak  signals. 

The  author  presents  the  mathematical 
model  of  the  signal  and  the  equations  of 
the  suboptimum  smoother,  as  derived  from 


the  stochastic  optimization  theory.  With  a 
minor  modification,  these  equations  are 
shown  to  be  the  linear  Kalman  filter  equa- 
tions for  an  appropriate  linear-signal  model 
applicable  when  the  phase  detector  can 
be  assumed  to  be  linear.  A  simple  finite-im- 
pulse-response-filter implementation  of  the 
smoother  is  presented:  In  the  steady  state, 
the  coefficients  of  such  a  filter  are  constant 
and  can  be  precomputed. 

Next,  the  author  discusses  the  transfer 
functions  of  first-,  second-,  and  third-order 
filter/smoothers  for  a  signal  that  includes 
zero-mean  Gaussian  white  process  noise 
and  independent  zero-mean,  narrow-band 
white  Gaussian  observation  noise.  (These 
cases  are  commonly  used  in  the  mathe- 
matical modeling  of  the  estimation  of 
phase  and  frequency  in  communication 
and  navigation  systems.)  Assuming  the 
phase  detector  to  be  linear,  closed-form 
expressions  are  derived  for  the  transfer 
functions  and  the  performance  indices  of 
the  loop  filter  and  the  smoother. 

The  theoretical  performances  of  receiv- 
ers containing  fixed-lag  smoothers  are 
compared  with  numerical  simulations. 
When  the  phase  detector  is  assumed  to  be 
linear,  the  performance  predicted  on  the 
basis  of  optimal  linear  estimation  theory  is 
close  to  that  of  the  numerical  simulations. 
However,  when  the  phase-locked  loop  is 
operating  near  the  threshold  signal-to- 


noise  ratio,  the  phase  detector  cannot  be 
assumed  to  be  linear. 

When  the  nonlinearity  of  the  phase  de- 
tector is  taken  into  consideration  and  the 
receiver  is  operating  at  a  high  signal-to- 
noise  ratio,  the  addition  of  the  smoother  de- 
creases the  effect  of  the  phase-  and  the 
frequency-estimation  errors  by  about  5.6 
dB.  However,  as  the  signal-to-noise  ratio  is 
reduced,  the  corresponding  improvement 
is  also  reduced.  The  reduction  is  more 
severe  when  the  process  noise  is  present 
than  when  only  the  observation  noise  is 
present.  In  the  presence  of  both  nonlineari- 
ty and  process  noise,  the  smoother  exhib- 
its a  marked  threshold  behavior. 

The  results  of  the  simulation  also  sug- 
gest that  the  performance  of  a  bop-filter- 
and-smoother  combination  does  not  change 
significantly  if  the  variance  of  the  process 
noise  is  smaller  than  its  design  value.  This 
is  of  interest  because,  in  many  practical 
cases,  the  statistics  of  the  process  noise 
are  not  known  precisely  and  are  therefore 
deliberately  overestimated  for  conserva- 
tive design. 

This  work  was  done  by  Rajendra 
Kumar  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory.  "Optimum  Filter 
and  Smoother  Design  for  Carrier  Phase 
and  Frequency  Tracking. " 
NPO-17389/TN 
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Quantized-"Gray-Scale"  Electronic  Synapses 

Parallel  resistors  at  each  node  would  be  switched  to  adjust  conductive  strength. 


A  proposed  array  of  programmable  syn- 
aptic connections  for  electronic  neural  net- 
work applications  offers  multiple  quantized 
levels  of  connection  strength  using  only 
simple,  two-terminal,  binary  microswitch 
devices.  Such  simple  device  structures 
promise  implementations  of  quantized- 
"gray-scale"  synaptic  arrays  with  very  high 
density.  Synaptic  arrays  for  electronic 
neural  networks  have  been  fabricated  in 
the  past,  using  programmable  binary  (on/ 
of)  microswitches  and  passive  thin-film  re- 
sistor elements  with  equal  connection 
strengths  at  all  nodes,  useful  for  content- 
addressable,  high-density  associative 
memories.  However,  multivalued,  gray- 
scale synaptic  connection  strengths  are 
required  for  neural  network  architectures 
with  capabilities  that  involve  higher-level 
learning  and  adaptability  to  solve  ill-posed 
problems. 

The  basic  structure  of  this  quantized 
gray-scale  synaptic  array  resembles  a  pro- 
grammable binary  synaptic  grid  with  resis- 
tive connections  at  the  intersections  of  row 
and  column  conductors.  However,  in  this 
case,  several  adjoining  rows  and  columns 
of  the  grid  are  connected  in  parallel  exter- 
nally, to  form  "subgrids"  of  chosen  size. 
Thus,  each  subgrid  constitutes  several 
row/column  intersections  of  a  finer  grid 
and  forms  one  synaptic  node  with  pro- 
grammable multivalued  connection  strength 
(see  figure). 

Within  each  subgrid,  the  individual  mi- 
croswitches associated  with  their  respec- 
tive resistive  connections  at  the  nodes  of 
the  finer  grid  can  be  turned  on  in  various 
combinations  to  obtain  discrete  synaptic 
strengths.  The  parallel  external  connec- 
tions create  sets  of  parallel  resistors.  Thus 
the  conductance  of  each  internal  connec- 
tion of  the  subgrid  adds  to  the  total  con- 
ductance (connection  strength)  of  the 
node  represented  by  the  subgrid.  The 
scheme  can,  of  course,  be  applied  to  an  ar- 
ray of  synapses  with  analog  strengths  to 
extend  their  range. 

The  design  of  a  subgrid  and  the  achievable 
conductance  values  depend  predominant- 
ly on  the  conductance  of  individual  ele- 
ments and  precision  in  their  values.  For  ex- 
ample, in  a  subgrid  of  n  elements  with 
equal  conductance  values,  it  is  possible  to 
obtain  either  zero  conductance  or  any  in- 
tegral multiple  of  the  unit  conductance 
from  1  to  n.  Further,  if  different  conduc- 
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FINE  GRID  WITH  EXTERNAL  CONNECTIONS 


Subgrids  In  a  Fine  Grid  of  programmable  resistive  connections  would  be  connected  exter- 
nally in  parallel  to  form  a  coarser  synaptic  grid.  By  selection  of  the  pattern  of  connections  in 
each  subgrid,  the  connection  strength  of  the  synaptic  node  represented  by  that  subgrid 
would  be  set  at  a  quantized  "gray  level." 
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tance  values  (e.g.,  a  binary  string  of  values 
proportional  to  1, 2, 4, 8. . .) are  provided  in  a 
subgrid,  then  the  maximum  achievable 
number  of  subgrid  conductances  is  2n. 

The  practical  number  and  sizes  of  con- 
ductance increments  are,  however,  re- 
stricted by  the  need  to  avoid  overlap  of 
conductance  levels  due  to  the  limitations  in 
the  achievable  resistor  precision.  For  ex- 
ample, with  ±  3-percent  precision,  an  ar- 


ray is  limited  to  16  distinct  conductance 
levels  (in  addition  to  zero),  even  with  sub- 
grids  larger  than  16  nodes.  Programmable, 
40-by-40  binary  synaptic  arrays  have  been 
fabricated  with  an  identical  connection 
strength  at  each  node  of  one  megohm  re- 
sistances having  a  precision  of  ±  3-per- 
cent and  can  thus  provide  a  4-bit  gray 
scale  with  this  scheme.  The  extra  "real 
estimate"  occupied  by  the  binary  elements 


to  provide  for  a  gray  scale  in  such  an  array 
is  more  than  compensated  by  the  overall 
structural  simplicity  and  the  potential  high 
density. 

This  work  was  done  by  James  L.  Lamb, 
Taher  Daud,  and  Anilkumar  P.  Thakoor  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory.      NPO-17579/TN 
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Net  Photorefractive  Gain  in  Gallium  Arsenide 

Prerequisite  includes  an  applied  electric  field. 


Experiments  have  shown  that  a  net 
photorefractive  gain  can  occur  in  an  un- 
doped  semi-insulating  gallium  arsenide 
crystal  under  the  condition  of  an  applied  dc 
electric  field.  Net  photorefractive  gains 
have  Peen  reported  in  other  materials  and 
predicted  in  GaAs,  Put  have  not  Peen  oP- 
served  in  GaAs  until  now,  proPaPly  be- 
cause  of  the  difficulty  of  oPtaining  ade- 
quate crystals  of  GaAs  and  depositing 
proper  electrical  contacts  on  them. 

The  undoped  GaAs  crystals  for  the  ex- 
periment were  grown  Py  the  liquid-encap- 
sulated Czochralski  process.  In/Zn  con- 
tacts were  deposited  in  vacuum.  Each 


crystal  specimen  was  mounted  in  the  two- 
wave-mixing  apparatus  shown  in  Figure  1. 

An  infared  beam  from  a  neodymiumyt- 
trium  aluminum  garnet  laser  was  split  into 
two  Peams  in  a  power  ratio  of  about  60. 
The  beams  were  directed  by  mirrors  to  in- 
tersect in  the  specimen,  where  they  inter- 
fered, producing  an  index-of-refraction 
grating  via  the  photorefractive  effect. 

The  grain  coefficient  was  measured 
normally  as  a  function  of  the  grating  spac- 
ing and  the  applied  electric  field.  The 
typical  experimental  data  and  theoretical 
curves  in  Figure  2  show  that  the  theoretical 
values  of  the  grain  coefficient  have  been 


attained.  Because  the  measured  absorp- 
tion coefficient  of  the  crystals  was  1.3 
cm-1,  the  highest  measured  grain  coeffi- 
cient —  2.6  cm-1  —  corresponds  to  a 
net  gain  coefficient  of  1.3  cm  _1.  These  re- 
sults may  offer  the  possibility  of  new  devel- 
opments in  real-time  optical  processing  of 
signals  Py  use  of  near-infrared  lasers  of  low 
power. 

This  work  was  done  by  Tsuen-Hsi  Liu 
and  Li-Jen  Cheng  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory. 
NP0-17626/TN 
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Figure  1.  An  Electric  Field  Is  Applied  to  a  GaAs  crystal  in  which  two  infrared  beams  interfere.  Depending  on  the  quality  of  the  sample  and  the 
experimental  conditions,  a  net  photorefractive  gain  can  be  obtained. 
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Figure  2.  The  Gain  Coefficient  as  measured  is  compared  with  the  theoretical  coefficient  at 
various  applied  fields,  as  a  function  of  the  spacing  of  the  index -of-ref raction  grating  (induced 
by  intensity  interference  fringes  at  the  intersection  of  the  incoming  laser  beams). 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


NASATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Licensing 
Opportunity 


Trellis-Coded  MDPSK  System  With  Doppler  Correction 

Advanced  features  are  incorporated  in  equipment  for  mobile/satellite  communications. 


A  multiple-differential-phase-shift-keyed 
(MDPSK)  microwave  system  is  designed 
for  communications  between  mobile  and/ 
or  fixed  terrestrial  stations  via  satellite 
transponders  (see  Figure  1).  Stations  in  the 
system  could  transmit  and  receive  data  or 
digitally-coded  voice  signals  at  rates  up  to 
4.8  kb/s  in  channels  only  5  kHz  wide. 

The  system  integrates  advanced  fea- 
tures, some  of  which  have  been  described 
in  previous  issues  of  NASA  Tech  Briefs. 
These  features  include  trellis-coded 
8  DPSK  modulation  with  finite  interleaving 
and  deinterleaving,  differential  encoding 
and  decoding,  root-raised-cosine  pulse 
shaping  at  the  transmitter  and  receiver 
(matched  filtering  for  a  dual-sample  detec- 
tion scheme),  correction  for  Doppler  shifts, 
and  synchronization  of  symbols  (see  Fig- 
ure 2). 

At  the  transmitting  station,  input  bits  at  a 
speed  of  4.8  kb/s  are  passed  through  a 
16-state,  rate-2/3  trellis  encoder.  The  sym- 
bols put  out  by  the  encoder  are  interleaved 
into  blocks  of  span  8  and  depth  16  to  break 
up  burst  errors  caused  by  amplitude  fades 
that  last  more  than  1  symbol  time. 

The  interleaved  coded  symbols  are  next 
differentially  encoded  and  pulse-shaped  by 
use  of  root-raised-cosine  filters  with  100- 
percent  excess  bandwidth  to  reduce  adja- 
cent-channel interference.  The  output  of 
the  pulse-shaping  filters  modulates  quad- 
rature radio-frequency  carriers  for  trans- 
mission over  the  fading  channel. 

At  the  receiver,  the  faded,  noise-corrupt- 
ed signal  is  down-converted  by  sampling, 
then  passed  through  "brick-wall"  filters  of 
bandwidth  2.6  kHz,  which  is  the  sum  of  the 
8-PSK  symbol  rate  (2,400  Hz)  plus  the  max- 
imum Doppler  shift  (200  Hz).  The  outputs  of 
the  "brick-wall"  filters  are  provided  to  the 
Doppler-frequency  estimator  and  to  a 
pseudomatched  filter,  which  consist  of  a 
"brick-wall"  filter  and  a  half-symbol-delay- 
and-add  circuit.  (In  the  absence  of  Doppler 
frequency  shift,  these  pseudomatched  fil- 
ters are  exactly  root-raised-cosine  filters.) 

The  differentially  detected  and  Doppler- 
corrected  samples  are  fed  to  the  deinter- 
leaver,  then  to  the  trellis  decoder.  At  the 
trellis  decoder,  branch  metrics  are  com- 
puted by  use  of  a  correlation  (Gaussian- 
noise)  metric,  which  is  approximately  op- 
timum in  the  absence  of  information  on  the 
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Figure  1.  The  Mobile/Satellite  Communication  Channel  is  subject  to  deep  fades  caused  by 
shadowing,  specular  reflection,  diffuse  reflection,  and  motion.  Motion  also  gives  rise  to  a 
Doppler  shift. 
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Notes:  1.T  =  Symbol  period. 

2.  "LPF"  means  "low-pass  filter." 

3.  "C"  means  "con|ugate  operator"  (which 
generates  the  reciprocal  at  the 
Instantaneous  complex  amplitude). 
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Figure  2.  The  MDPSK  Communication  System  incorporates  advanced  encoding,  decoding, 
modulation,  and  demodulation  techniques  to  minimize  the  effects  of  error  bursts.  It  also 
uses  feedforward  techniques  for  fast  recovery  from  deep  fades. 
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state  of  the  channel.  Each  symbol  time, 
branch  metrics  are  provided  to  the  Viterbi 
decoding  algorithm  via  add/compa re/se- 
lect operations  with  state-metric  normali- 
zation to  prevent  overflow  from  a  buffer. 
The  size  of  the  buffer  of  the  survivor  path  is 
chosen  to  be  32  symbols  on  the  basis  of 
computer  simulations,  which  have  shown 
that  the  difference  in  performance  be- 
tween a  32-symbol  buffer  and  a  256-sym- 
bol  buffer  is  a  few  tenths  of  a  decibel. 
This  work  was  done  by  D.  Divsalar  and 
M.K.  Simon  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 


In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NPO-17644/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
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Pasadena,  CA  91109 
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Patent  Counsel: 
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Upper-Bound  Estimates  of  SEU  in  CMOS 

Limited  experimental  information  can  be  used  to  make  conservative  design  estimates. 


The  theory  of  single-event  upsets  (SEU) 
(changes  in  logic  state  caused  by  ener- 
getic charged  subatomic  particles)  in  com- 
plementary metal  oxide/semiconductor 
(CMOS)  logic  devices  has  been  extended 
to  provide  upper-bound  estimates  of  rates 
of  SEU  when  limited  experimental  informa- 
tion is  available  and  the  configuration  and 
dimensions  of  SEU-sensitive  regions  of 
devices  are  unknown.  The  method  of  esti- 
mation is  based  partly  on  the  chord-length- 
distribution  method,  which  is  a  popular 
method  for  SEU  calculations,  and  in  which 
the  configurations  and  dimensions  of  de- 
vices are  normally  required. 

The  method  requires  experimental  data 
on  the  normal  incident  SEU  cross  section 
as  a  function  of  linear  energy  transfer 
(LET).  The  method  involves  the  partition  of 
the  device  into  an  arbitrary  number  of 
assumed  parallelepiped-shaped  sensitive 
regions,  which  may  or  may  not  represent 
the  real  (but  unknown)  sensitive  regions  of 
the  device. 

The  cross  sections  and  the  threshold 
LET'S  of  the  assumed  sensitive  regions  are 
adjusted  to  obtain  a  composite,  stepped 
cross-section-vs.-LET  curve  that  bounds 
the  experimental  curve  (see  figure).  During 
this  curve-bounding  process,  the  depths 
and  length-to-width  ratios  of  the  parallelepi- 
peds are  adjusted  to  obtain  maximum  rates 
of  upset.  Several  theorems  regarding  this 
process  have  been  proved  to  justify  the 
principal  statement  of  the  method  regard- 
ing estimation,  which  is  simply  that  the  rate 
of  upset  of  the  hypothetical  device  com- 
posed of  the  parallelepipeds  is  an  upper 
bound  on  the  rate  of  upset  of  the  real  de- 
vice. 

The  fundamental  conclusion  of  the 
theorems  is  that  when  length-to-width 
ratios  and  depths  are  varied  to  produce  a 
maximum  upset  rate,  the  rate  for  any  col- 
lection of  parallelepipeds  (all  having  the 
same  threshold  LET)  is  proportional  to  the 
total  area.  It  is  shown  that  this  implies  that 
the  same  upper  bound  estimate  (con- 
structed from  an  experimental  cross- 
section-versus-LET  curve)  can  be  applied 
whether  the  device  contains  a  few  large 
sensitive  regions  or  many  small  identical  or 
nonidentical  regions.  This  "invariance"  of 
upset  rate  per  area  implies  that  it  is  possi- 
ble to  construct  an  effective  flux  (which  is 
defined  to  be  the  upper  bound  upset  rate 
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The  Stepped  Curve  is  a  theoretical  curve.  Each  step  represents  a  sensitive  region  in  a 
hypothetical  device.  Under  appropriate  conditions,  upset  rates  for  the  hypothetical  device 
are  upper  bounds  on  the  rate  for  the  real  device. 


per  area)  versus  LET  curve  (one  curve  for 
each  environment)  such  that  the  same 
curve  can  be  used  to  produce  upper  bound 
upset  rate  estimates  for  any  parallele- 
piped-shaped region  or  any  collection  of 
such  regions  in  an  isotropic  environment. 
The  validity  of  this  upper-bound  estimate 
depends  on  the  following  conditions: 

•  The  experimental  data  represent  the  de- 
vice with  adequate  accuracy  for  the  con- 
ditions that  will  apply  (e.g.,  temperature, 
total  dose  degradation). 

•  The  component  of  the  ionizing  radiation  in 
question  is  sufficiently  energetic  so  that 
the  LET  does  not  vary  appreciably  along 
the  chord  through  the  device  and,  there- 
fore, the  chord-length-distribution  method 
can  be  applied. 

•  Delayed  charges  are  unimportant  com- 
pared to  prompt  charges. 

•The  sensitive  regions  can  be  treated  as 
having  well-defined  shapes  (i.e.,  the  ef- 
fects of  tunneling  can  be  approximated  by 


assuming  some  appropriate  effective 
shape  for  each  sensitive  region),  and  for 
each  region  the  shape  can  be  adequately 
approximated  as  a  parallelepiped. 
•The  sensitive  regions  are  independent  of 
each  other,  and  each  can  be  character- 
ized by  a  well-defined  critical  charge  for 
SEU. 
•  Every  SEU  in  the  device  can  be  attributed 
to  the  liberation  of  charge  in  excess  of  the 
critical  charge  in  one  of  the  sensitive  re- 
gions. 

Most  of  these  conditions  are  required 
whenever  the  chord-length-distribution 
method  is  used.  The  popularity  of  the 
chord-length-distribution  method  suggests 
that  the  conditions  are  approximately 
satisfied  when  CMOS  devices  are  exposed 
to  cosmic  rays. 

This   work   was   done  by  Larry  D. 
Edmonds  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
NP0-17566/TN 
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TWIRE  Assembled 


Scientists  at  the  Naval  Ocean 
Systems  Center  (NOSC),  San  Diego, 
California,  have  assembled  a 
computer  program  called  TWIRE, 
which  combines  a  TACAMO 
configuration  code,  a  radiation 
resistance  code,  and  a  VLF 
propagation  code  for  conducting  case 
studies  for  VLF  airborne 
transmissions  for  a  rationally 
determined  antenna  configuration. 

The  TACAMO  configuration  code 
was  developed  at  the  Naval  Air 
Development  Center  (NADC)  to 
calculate  the  steady-state  antenna 
configuration  by  assuming  an 
aircraft  executing  a  circular  orbit  at 
constant  altitude  and  speed.  The 
propagation  code  was  developed  for 
calculating  VLF  fields  produced  by 
antennas  of  arbitrary  length,  shape, 
and  elevation.  The  radiation 
resistance  code  was  formulated  for 
thin  antennas  of  arbitrary  elevation 
and   orientation    over   perfectly 


conducting  ground. 

A  major  deficiency  of  TWIRE  is 
the  lack  of  full  automation  because 
the  configuration  code  requires 
initial  inputs  that  often  have  to  be 
determined  by  trial  and  error. 
Nevertheless,  in  combining  the  three 
codes,  the  program  is  useful  for  case 
studies.  For  field  calculation 
purposes,  it  provides  a  tool  for 
assessing  the  adequacy  of  point 
dipoles  as  approximations  to 
rationally  determined  TACAMO 
antenna  configurations. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  150106/TN 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburq,  MP  20899 

Electric-Field  Meter  Developed 


NIST  researchers  have  developed  a  new  isotropic,  photonic  electric-field  meter  capable  of 
measuring  continuous-wave  electric  fields  from  10  to  15,000  volts-per- meter  over  a  frequency 
range  of  10  kHz  to  beyond  1  GHz.  For  pulsed  fields,  the  minimum  detectable  field  is  1,000 
volts-per-meter.  The  probe  uses  electro-optic  modulators  and  optical  fiber  leads  to  cause 
minimum  perturbation  of  the  fields  being  measured  and  to  ensure  immunity  of  the  probe  to 
electromagnetic  interference.  The  probe's  large  bandwidth  and  its  unusual  ability  to  measure 
both  amplitude  and  phase  are  its  salient  characteristics.    Potential  applications  include 
electromagnetic  pulse  measurement,  the  precise  measurement  of  any  pulsed  field  of  suitable 
intensity,  and  the  measurement  of  fields  with  multiple  frequency  components. 

FOR  ADDITIONAL  INFORMATION:  For  a  copy  of  paper  no.  63-69,  which  describes  the 
probe,  contact  Jo  Emery,  Div.  104,  NIST,  Boulder,  Colo.  80303;  telephone:  303/497-3237. 
Media  Contact:  Fred  McGehan  (Boulder),  303/497-3246. 
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Noise-Contamination  Detector 

Deviations  in  periods  of  output  from  a  tracking  filter  are  measured. 


A  signal-analyzing  system  measures  the 
degree  to  which  a  sinusoid  is  contami- 
nated by  noise.  The  system  was  developed 
to  measure  noise  in  the  outputs  of  vibration 
sensors  used  to  test  bearings  and  other 
components  of  rotating  machinery.  Noise 
can  indicate  faulty  bearings  or  faulty  test 
equipment. 

The  signal  from  the  sensor  is  fed  through  a 
tracking  band-pass  filter  to  a  zero-crossing 
detector  (see  figure).  The  dither  module, 
which  is  the  remainder  of  the  system  fol- 
lowing the  zero-crossing  detector,  meas- 
ures the  deviations  in  the  periods  of  the 
signal  between  the  zero  crossings.  In  par- 
ticular, it  computes  the  average  of  the  ab- 
solute values 

m  =\ti+,-t,\ 

of  the  differences  between  consecutive 
periods  of  the  signal.  It  then  divides  this 
average  by  the  average  period  7"  to  obtain 
Ad,  the  average  fractional  dither. 

It  has  been  found  that  Ad  is  related  to  the 
root-mean-square  (rms)  white-noise  com- 
ponent N  in  the  signal  and  to  the  rms  value 
M  of  the  signal  (including  sinusoid  and 
noise)  by  the  equation  kAd  =  N/M,  where  k 
is  a  constant  of  proportionality  that  must  be 
determined  for  the  equipment  in  question. 
From  the  fundamental  properties  of  the 
sinusoid  and  the  noise,  M2  =  N2  +  S2, 
where  S  =  the  rms  amplitude  of  the  sinu- 
soid. Substituting  N  =  MkAdtiom  the  first 
equation  into  the  second  equation,  one  ob- 
tains 

S  =  M[1  -  (kAjfi* 
Thus,  one  can  also  use  the  fractional  dither 
measured  by  the  system  and  the  rms  am- 
plitude of  the  noisy  signal  to  estimate  the 
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The  Noise-Contamination  Detector  indirectly  measures  the  noise  in  a  noisy  sinusoidal 
signal  by  measuring  the  average  value  of  the  fractional  absolutedither  in  the  period  of 
the  signal. 


rms  amplitude  of  the  sinusoid. 

The  system  continually  reports  Ad  to  a 
computer  that  monitors  its  operation.  If  Ad 
exceeds  a  level  that  previous  statistical 
tests  have  shown  to  be  beyond  the  analyti- 
cal capability  of  the  system,  the  computer 
can  trigger  an  alarm,  possibly  to  alert  the 
operator  to  select  a  different  sensor  or  a 
different  recording  for  analysis.  As  long  as 
Ad  remains  within  normal  limits,  it  can  be 


used  to  estimate  continually  the  sinusoidal 
component  (indicative  of  the  amplitude  of 
vibration  in  the  particular  passband)  from 
the  rms  measurements  of  the  noisy  signal. 
This  work  was  done  by  Richard  L 
Randall  of  Rockwell  International  Corp. 
for  Marshall  Space  Flight  Center. 
MFS-29537/TN 
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Testing  Microwave  Landing  Systems  With  Satellite  Navigation 

Less  time  and  equipment  are  needed  to  perform  tests. 


The  satellite-based  Global  Positioning 
System  (GPS)  measures  the  accuracy  of 
the  microwave  scanning-beam  landing  sys- 
tem (MSBLS)  at  airports  used  to  support 
Shuttle  landings.  The  GPS  is  especially 
suitable  for  this  purpose  in  that  it  provides 
the  time  and  three-dimensional  informa- 
tion on  the  position  and  velocity  with  unpre- 
cedented accuracy.  This  same  feature 
also  makes  it  useful  for  testing  other  elec- 
tronic navigation  aids  like  LORAN,  TACAN 
and  microwave  landing  systems  (MLS). 

In  a  test  of  an  MLS,  an  airplane  is  flown 
within  the  area  of  coverage,  possibly  along 
specified  trajectories.  The  flight  is  tracked 
both  by  the  MLS  and  by  a  reference  sys- 
tem that  is  at  least  three  times  as  accurate 
as  the  MLS  is.  A  laser  tracker  can  be  used 
as  the  reference  system,  but  it  has  several 
undesirable  features.  It  is  bulky,  expensive, 
heavy,  and  susceptible  to  damage  in  ship- 
ment and  requires  about  4  weeks  to  ship 
and  set  up  at  the  MLS  site.  These  features 
are  particularly  disadvantageous  if  tests 
have  to  be  conducted  repeatedly  at  dif- 
ferent airports  to  satisfy  requirements  for 
periodic  calibration  or  certification. 


When  the  GPS  is  the  reference  system, 
two  commercially  available  GPS  receivers 
are  used  in  a  differential  mode  to  deter- 
mine the  relative  position  vector  between 
the  airplane  and  a  reference  location.  The 
GPS  reference-station  antenna  is  set  up 
above  the  MLS  antennas,  and  the  other 
GPS  station  is  established  aboard  the  air- 
plane. The  GPS  reference  station  receives 
the  L-Band  signals  bearing  the  coarse  ac- 
quisition GPS  code  from  at  least  four  GPS 
satellites,  uses  these  signals  to  calculate 
the  distance  to  each  satellite,  calculates  its 
position  from  these  distances,  compares 
this  position  to  an  initial  reference  position 
measured  before  the  test,  and  calculates  a 
correction  based  on  this  comparison. 

Using  a  408-MHz  radio  link,  the  refer- 
ence station  transmits  the  correction  to  the 
GPS  receiver  in  the  airplane  once  every 
second.  The  GPS  receiver  in  the  airplane 
uses  the  GPS  signals  it  receives  to  calcu- 
late the  position  of  the  airplane  in  a  manner 
similar  to  that  of  the  reference  station,  then 
uses  the  correction  transmitted  by  the  ref- 
erence station  to  eliminate  common-mode 
errors.  The  position  outputs  from  both  the 


MLS  and  GPS  receivers  are  fed  to  a  com- 
puter, which  compares  them  and  provides 
a  real-time  display  of  angular  errors  during 
the  flight.  The  position  outputs  are  also 
recorded  digitally  for  subsequent  proces- 
sing. 

This  work  was  done  by  John  J.  Kriazes 
of  Kennedy  Space  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Kennedy  Space  Center.  Refer  to 
KSC-11451/TN. 

John  F.  Kannady 
Spac«  Cent»r 
Technology  Utilization 
Officer:  Thomas  M. 
Hammond 
Mail  Stop  PTTPO-A 
Kennedy  Space 
Center,  FL  32899 
(305)867-3017     ' 
Patent  Counsel: 
James  O.  Harrell 
Mail  Code  PT-PAT 
Kennedy  Space 
Center,  FL  32899 
(305)  867-2544 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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IVIASATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Thermal-Interaction  Matrix  for  Resistive  Test  Structure 

A  simple  linear  model  predicts  small  increases  in  temperature. 


A  linear  mathematical  model  predicts 
the  increase  in  temperature  in  each  seg- 
ment of  a  15-segment  resistive  structure 
that  is  used  to  test  electromigration.  The 
assumption  of  linearity  is  based  on  the  fact 
that  the  equations  that  govern  the  flow  of 
heat  are  linear  and  that  the  coefficients  in 
these  equations  (heat  conductivities  and 
capacities)  depend  only  weakly  on  temper- 
ature and  can,  therefore,  be  considered 
constant  over  a  limited  range  of  tempera- 


ture. 

During  a  test,  the  structure  is  held  in  a 
chuck  of  known  constant  temperature  and 
stressed  by  the  application  of  known  cur- 
rents. The  current  through  and  voltage 
across  each  segment  is  measured  and  re- 
corded as  a  function  of  time  to  monitor  the 
drift  in  the  resistance  of  each  segment.  The 
power  R  dissipated  in  each  segment  can 
be  calculated  from  the  measured  current 
and  voltage.  Then  the  linear  model  predicts 


Example  1:  All  Segments  Turned  On 

Segments 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

A 

181 

184 

186 

188 

188 

190 

190 

189 

191 

189 

189 

189 

187 

185 

183 

B 

182 

185 

187 

188 

189 

189 

190 

190 

190 

189 

189 

188 

187 

186 

184 

Example  2:  All  Segments  Except  8  and  9  (Simulating  Two  Adjacent  Failed  Segments) 
Turned  On 

Segments 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

A 

180 

182 

184 

185 

185 

185 

184 

184 

185 

185 

185 

183 

182 

B 

181 

183 

184 

185 

185 

185 

184 

184 

185 

185 

184 

183 

181 

The  Temperatures  of  the  Segments  in  °C  were  determined  by  the  linear  model  with  the 
thermal-interaction  matrix  (A)  and  by  a  resistance  calibration  (B). 


that,  provided  that  currents,  voltages,  and 
temperatures  change  slowly,  the  tempera- 
ture Tt  of  the  /th  segment  is  given  by 

Ti=J.AllPl+Tc 
/=1 
where  n  =  the  number  of  segments  (in  this 
case,  15),  the  coefficients  A,- -constitute  the 
thermal-interaction  matrix,  and  Tc  =  the 
temperature  of  the  chuck.  The  elements  of 
the  matrix  have  the  dimensions  of  thermal 
resistance  (temperature  ■*■  power). 

The  table  shows  two  examples  of  the 
application  of  this  technique.  In  the  first  ex- 
ample, current  at  a  density  of  2.2  MA/cm2 
was  forced  through  all  15  segments  of  the 
test  structure.  In  the  second  example,  the 
current  was  forced  through  all  segments 
except  the  eighth  and  ninth.  The  predic- 
tions of  the  linear  model  were  within  1  K  of 
the  temperature  determined  by  a  resis- 
tance calibration  procedure. 

This  work  was  done  by  Martin  G. 
Buehler,  Jaipal  K.  Dhiman,  and  Nasser 
Zamani   of  Caltech   for   NASA's   Jet 
Propulsion  Laboratory. 
NPO-17673/TN 
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0712  Biotechnology  and  Coal  Processing 

0713  SERI's  Solar  Furnace  Will  Harness  50,000  Suns 

0714  Durable  Bipolar  Plates  for  Lead/ Acid  Batteries — Segmented  electrodes 
and  improved  adhesion  increase  cycle  life. 

0715  Mobile  Uninterruptible  Power  Supply — A  unit  would  continue  to  supply 
electric  power  during  interruptions  of  the  normal  power  supply. 
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Technology  Application 

Oak  Ridge  National  Laboratories 
Bulletin  Number  707 


Biotechnology  and  Coal  Processing 


Key  words:  Coal;  biotechnology;  coal  processing; 
bioconversion;  microbial  processing 


Coal  is  the  most  abundant  fossil  resource  in  the 
United  States.  It  is  the  potential  starting  material 
for  a  wide  range  of  organic  chemicals  and  a 
promising  alternative  fuel  source  to  the  diminishing 
supplies  of  petroleum  and  natural  gas.  Because 
the  environmental  impacts  of  conventional 
coal-conversion  processes  and  coal  combustion 
may  be  severe,  advanced  coal-processing 
systems  are  needed  for  the  safe  and  efficient  use 
of  this  resource. 

Biotechnology  has  been  envisioned  as  the  basis 
for  some  advanced  coal-processing  systems.  The 
bioprocessing  of  coal,  in  which  coal  is  gently  and 
effectively  altered  by  bacteria,  fungi,  or  their 
enzymes,  represents  an  attractive  alternative  to 
the  severe  operating  conditions  and  the  potential 
environmental  impact  of  thermal/chemical 
coal-conversion  processes.  Bioprocessing  could 
also  be  used  to  remove  harmful  pollutants  from 
fuel  coal  before  it  is  burned. 

Specifically,  some  microorganisms  or  active 
fractions  of  organisms  can  interact  with  specific 
heteroatoms  in  both  liquid  and  solid  states  to 
cleave  or  alter  chemical  bonds.  These  unique 
properties  may  be  exploited  in  a  number  of  ways: 
the  pretreatment  of  coal  to  form  a  reactive  surface 
or  to  remove  sulfur,  nitrogen,  oxygen,  or  heavy 
metals;  the  conversion  of  coal  to  gaseous  or  liquid 


Table  1,  Some  microbial  species  thai  (orm  a  liquid  producl  with  low-ranked  coal 


Microorganism 


Source 


Fungr' 


Trametes  versicolor  ATCC  1267 


Pona  placenta  Imonlicola} 
ATCC  11538 


Pemcilltum  waksmann  ML20 

Candida  sp  ML13 

Aspergillus  sp 
Paecilomyces  sp. 
Sporothnx  sp 

Slreptomyces  setonii  75VI2 
Slreptomyces  vindosporous  T7A 


American  Type  Cullure  Collection 

Rockville.  Md 
American  Type  Cullure  Collection 

Rockville.  Md 


Isolated  Irom  Mississippi  lignites 
by  H.  B.  Ward.  University  of  Mississippi 


Isolated  Irom  Mississippi  lignites 
by  H.  B  Ward.  University  ol  Mississippi 


Isolated  Irom  as-received  lignite  sample 
Isolated  Irom  as-received  lignite  sample 
Isolated  Irom  as-received  lignite  sample 


Obtained  Irom  0.  L  Crawford. 
University  ol  Idaho 


Obtained  trom  D.  L  Crawford, 
University  of  Idaho 


■•Source  C  D  Scott.  G  W  Strandberg.  and  S  N  Lewis.  Biotech.  Prog  2.  131  (1986) 


products  (Table  1);  and  the  isolation  or  removal  of 
hazardous  materials  from  various  coal-processing 
effluents. 

The  ORNL  report,  Impact  of  Biotechnology  on 
Coal  Processing,  contains  a  summary  of  the 
extent  to  which  biotechnology  has  been  applied  to 
a  wide  range  of  coal-processing  problems.  As  the 
report  points  out,  very  little  research  has  been 
done  that  would  lead  to  the  practical  application  of 
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coal  bioprocessing.  A  better  understanding  of 
these  biological  processes  and  the  ultimate 
development  of  viable  bioprocessing  systems  are 
still  needed  to  reap  the  potential  benefits  of 
biotechnology  for  the  coal  industries. 


C.  D.  Scott,  G.  W.  Strandberg,  and  S.  N.  Lewis, 
"Microbial  Solubilization  of  Coal,"  Biotech.  Prog. 
2(3),  131-39  (September  1986). 


Additional  information: 


D.  D.  Lee  and  C.  D.  Scott,  Impact  of  Biotechnology  on 
Coal  Processing,  ORNL-6459,  Oak  Ridge  National 
Laboratory  (May  1988). 


Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
FEDC,  P.  O.  Box  2009 
Oak  Ridge,  TN  37831-8218 

Telephone:  (615)  574-4192;  FTS  624-4192 
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Technology  Application 


So/ar  Energy  Research  Institute 

SERI's  Solar  Furnace  Will  Harness  50,000  Suns 


Experts  estimate  that  U.S.  in- 
dustry could  save  about  1.2  trillion 
Btu  of  energy  per  year  if  it  could 
make  use  of  its  own  waste  heat. 
But  to  achieve  this  goal,  there's  a 
need  for  relatively  inexpensive,  high- 
ly effective  heat  exchange  systems 
that  can  adapt  to  high  temperatures 
and  corrosive  environments.  These 
requirements  may  be  met  by  a  uni- 
que SERI  approach:  direct-contact 
heat  transfer  using  structured 
packings. 

This  novel  method  has  received 
an  award  from  the  American 
Society  of  Mechanical  Engineers  for 
its  ability  to  improve  heat  exchanger 
performance  and  extend  the  range 
of  applications  for  heat  exchange 
devices.  SERI  tests  have  shown  that 
the  approach  can  be  used  effectively 
in  condensers  and  in  waste  heat 
extraction  from  flue  gases.  It  may 
also  find  applications  in  bottoming 
cycles,  geothermal  plants,  and  other 
energy  conversion  systems. 

The  SERI  approach  works  by  al- 
lowing direct  contact  and  heat  trans- 
fer between  two  fluids  or  phases  of 
the  same  fluid  (see  diagram).  Be- 
cause there  are  no  walls  separating 
the  two  fluids,  which  can  foul  and 
thereby  build  up  thermal  resistance, 
direct-contact  heat  exchange  avoids 
the  performance  deterioration 
common  to  conventional  heat  ex- 
changers. In  addition,  the  inherently 
large  heat  transfer  capacity  of  direct- 
contact  heat  exchange  devices  using 
structured  packings  allows  them  to 
be  more  compact  than  their  conven- 
tional counterparts. 


Below:  SERI  researchers  have  tested 
a  variety  of  structured  packings  for 
direct-contact  heat  exchange. 

Right:  One  application  of  this 
technology  is  the  condenser  of  an 
ocean  thermal  power  plant,  in  which 
cold  seawater  is  brought  into 
intimate  contact  with  the  spent 
steam  from  a  turbine-generator. 
Large  surface  area  combined  with 
continuous  mixing  and  direct  contact 
result  in  high  heat  transfer  rates. 


Countercurrent  region ,  Cocurrent  region 


Water 


While  direct-contact  heat  ex- 
change is  not  a  new  concept,  and 
structured  packings  are  currently  used 
in  the  chemical  industry  as  well  as  in 
cooling  towers,  the  combination  of 
the  two  is  a  unique  SERI  develop- 
ment. Studies  indicate  that  such  an 
approach  will  not  only  increase  heat 
exchanger  effectiveness  but  also 
decrease  the  cost  of  installation  and 
system  operation. 

Contact:    Desikan  Bharathan 
(303)  231-1758 

Solar  Energy  Research  Institute 
1617  Cole  Boulevard 
Golden,  CO  80401-3393 
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IVIASATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Durable  Bipolar  Plates  for  Lead/Acid  Batteries 

Segmented  electrodes  and  improved  adhesion  increase  cycle  life. 


A  new  structure  for  the  positive  faces  of 
bipolar  plates  increases  the  longevity  of 
lead/acid  batteries.  Ordinarily,  the  layers  in 
bipolar  plates  separate  and  positive-elec- 
trode material  flakes  away  after  repeated 
charge/discharge  cycles.  The  new  struc- 
ture divides  the  positive-electrode  layer  in- 
to many  isolated  segments  so  that  defects 
cannot  spread  across  the  layer.  In  addition, 
surfaces  are  treated  before  assembly  to 
promote  adhesion. 

The  positive  plate  in  the  new  structure 
consists  of  tilelike  positive-electrode 
squares  arrayed  in  recesses  in  a  platelike 
body  (see  figure).  The  body  is  made  of 
woven  fiberglass  embedded  in  epoxy  res- 
in. So  that  the  plate  body  is  conductive,  the 
glass  fibers  are  coated  with  fluoride-doped 
tin  oxide  before  they  are  molded  into  the 
body.  The  epoxy  makes  the  plate  impervi- 
ous to  the  electrolyte  that  surrounds  it  in 
the  battery. 

The  positive-electrode  squares  are 
formed  by  applying  an  aqueous  paste  of 
lead  dioxide  to  the  recesses  in  the  body. 
The  paste  includes  electrically-conductive 
coated  glass  fibers  like  those  in  the  body. 
The  paste  is  allowed  to  dry  and  cure.  The 
squares  are  then  electrically  connected 
but  otherwise  physically  isolated  from 
each  other. 

Before  the  paste  is  applied,  the  surface 
of  the  body  is  conditioned  by  exposure  to 
an  oxidizing  plasma,  a  wetting  agent  such 
as  a  conventional  nonionic  surfactant,  or 
an  aqueous  coupling  material  like  lead  ox- 
ide in  polyacrylic  acid.  This  treatment 
makes  the  normally  hydrophobic  epoxy 
accept  the  water-based  paste  more  readily 
and  improves  the  adhesion  between  the 
squares  and  the  body. 

The  negative  side  is  built  on  the  other 
face  of  the  body.  First,  a  conductive  ad- 
hesive (for  example,  epoxy  filled  with 
graphite)  is  used  to  hold  a  conductive  layer 


At 


L 


Ridges 


Positive-Electrode 
Material 


Negative- 
Electrode  • 
Layer 


SECTION  A-A 


Conductive 
Layer 
(Lead  Foil) 


Ridges  on  the  Body  divide  the  positive  electrode  into  isolated  squares,  each  typically  1  in. 
(about  25  mm)  on  a  side.  The  materials  that  support  the  electrochemically  active  compo- 
nents are  lightweight  and  resistant  to  acid. 


of  lead  foil  on  the  body.  Then  a  negative 
electrode  is  formed  from  lead  paste.  A 
glass  scrim  supports  the  negative  elec- 
trode. 


This  work  was  done  by  Thomas  J. 
Clough  and  Naum  Pinsky  of  Ensci,  Inc., 
for  NASA's  Jet  Propulsion  Laboratory. 

NP0-17662/TN 
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IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

John  F  Kennedy  Space  Center,  Florida 


Mobile  Uninterruptible  Power  Supply 

A  unit  would  continue  to  supply  electric  power  during  interruptions  of  the  normal  power  supply. 


A  proposed  mobile  unit  would  provide 
20  kVA  of  uninterruptible  power.  The  unit 
would  be  used  with  mobile  secondary  power- 
distribution  centers  to  provide  power  to 
test  equipment  with  minimal  cabling,  haz- 
ards, and  obstacles.  It  would  be  wheeled 
close  to  the  test  equipment  and  the  system 
being  tested  so  that  only  short  cable  con- 
nections would  be  needed.  It  could  be 
quickly  moved  and  set  up  in  a  new  location. 

The  mobile  uninterruptible  power  supply 
is  intended  for  tests  in  which  data  would  be 
lost  or  equipment  would  be  damaged  during 
even  a  transient  power  failure.  It  would  pro- 
vide power  for  15  minutes  after  a  failure  in 
the  main  supply,  thereby  allowing  the 
equipment  to  be  turned  off  safely  if  the 
failure  lasts  longer. 


The  unit  would  include  batteries  and 
control  circuitry  on  a  cart  (see  figure).  Self- 
contained  static  rectifier  inverters  would 
charge  the  batteries  continually  with  the 


The  Front  Panel  of  the  mobile  uninterrupt- 
ible power  supply  would  hold  outlets  for 
power  at  a  variety  of  voltages  and  frequen- 
cies, depending  on  local  needs.  Power- 
conditioning  circuits  in  the  control 
cabinet  on  the  cart  would  make  the  nec- 
essary transformations  of  voltage  and 
frequency. 

alternating  current  from  a  mobile  power- 
distribution  center.  The  unit  would  furnish 
ac  power  at  rated  voltage  and  frequency 
before,  during,  and  after  failure  of  the 
power  supplied  to  it. 

This  work  was  done  by  Robert  L.  Mears 
of  McDonnell  Douglas  Corp.  for  Kennedy 
Space  Flight  Center.  KSC-11409/TN 
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Engineering 


0716  GPS  Provides  Futuristic  Position  Today 

0717  Storage  of  Southern  Pine  Chips 

0718  Better  Waste  Management  with  SERI's  High-Solids  Reactor 

0719  Impact  Assessment  and  Blast  Design  for  Surface  Mines  with  Low-Frequency 
Vibration  Problems 

Testing  &  Instrumentation 

0720  Simple  Extensometer  Measures  Underground  Backfill  Displacements 

0721  Structural  Uses  and  Placement  Techniques  for  Lightweight  Concrete  in 
Underground  Mining 

Software 

0722  Expert  System  Helps  Diagnose  Cause  of  Cracks 

0723  Dual-Seal  System  Developed 

0724  Array  of  Rockets  for  Multicrewmember  Evacuation — Crewmembers  can  hook  up 
to  tractor  rockets  and  fire  them  unaided.  (Licensing  Opportunity) 

0725  Computer  Simulation  for  Multilevel  Optimization  of  Design — Simple 
mathematical  functions  are  substituted  for  complex  engineering  analyses. 

0726  Determining  Sense  of  Motion  in  Robotic  Vision — Image-processing  algorithms 
are  based  partly  on  natural  visual/mental  processes. 

0727  Electromagnetic  Meissner-Effect  Launcher — Projectile  coils  and  brush  contacts 
would  not  be  needed.  (Licensing  Opportunity) 

0728  Minimal-Inversion  Feedforward-and-Feedback  Control  System — Three  control 
subsystems  can  be  designed  independently  of  each  other. 

0729  Numerical  Models  for  Control  of  Robots — Kinematic  models  are  based  on 
empirical  data.  (Licensing  Opportunity) 

0730  Preloaded  Composite-Strut/End-Fitting  Joint — This  strong,  lightweight  joint 
would  resist  loosening. 

0731  Probabilistic  Determination  of  Motions  of  Robots — A  heuristic-path-planner 
method  has  potential  to  reduce  computing  time. 

0732  Propagation  of  Pulse  Vibrations  in  Large  Structures — Dispersion,  damping,  and 
confinement  are  studied. 

0733  Prototype  V-Groove  Radiator  Heat  Shield — A  space-saving  unit  has  been 
designed  and  tested. 

0734  Rubbing  Between  Rotors  and  Stators — Dynamical  effects  that  damage 
turbomachinery  are  described. 

0735  Simulated  Hypersonic  Flows  About  a  Blunt  Body — Unsteady  and  steady  flows 
are  compared. 

0736  Steel  Foil  Improves  Performance  of  Blasting  Caps — Performance  is  five  times 
that  of  standard  blasting  caps.  (Licensing  Opportunity) 

0737  Testing  Bearing  Balls  for  Ignition  in  Liquid  Oxygen — Balls  are  heated  in  flowing 
liquid  oxygen  to  simulate  behavior  in  turbomachinery. 

0738  Transport  of  Passive  Scalars  in  a  Turbulent  Channel  Flow — Computer 
simulation  shows  flow  structures  and  statistical  properities. 

0739  Two-Phase  Accumulator — Liquid  and  vapor  are  used  to  regulate  temperature 
and  pressure. 

0740  Wrapped  Wire  Detects  Rupture  of  Pressure  Vessel — Breakage  or  burning  of 
wire  triggers  a  shutdown. 

Testing  &  Instrumentation 

0741  Acoustic  Humidity  Sensor — The  speed  of  sound  in  air  depends  on  the  water 
content. 

0742  Improved  Stress  Analysis  of  Multicomponent  Rotors — Suitable  formulation  of  a 
finite-element  model  speeds  computation. 

0743  Feeder  System  for  Particle-Size  Analyzer — Powder  is  metered  evenly  into 
flowing  gas.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0680      Sensor  Detects  Overheating  of  Perishable  Material — An  enzyme  reaction  gives 
a  visual  indication  of  temperature  abuse. 

0712  Biotechnology  and  Coal  Processing 

071 3  SERI's  Solar  Furnace  Will  Harness  50,000  Suns 

0779      Silicon  Nitride  Balls  for  Cryogenic  Bearings — Resistance  to  wear  is  greater  than 
that  of  440C  steel. 


< 


U.S.  Army  Corps  of  Engineers 

Engineer  Topographic  Laboratories 


Fort  Belvoir,  VA  22060-5546 


GPS  Provides  Futuristic  Position  Today 


Using  a  new  satellite  system,  the  capability  to  establish  a 
highly  accurate,  three-dimensional  position  of  almost  any 
object  was  created.  USAETL  is  using  this  capability  to 
benefit  the  civilian  surveying  community. 

The  Navigation  Satellite  Timing  and  Ranging  (NAV- 
STAR)  Global  Positioning  System  (GPS)  is  rapidly 
gaining  acceptance  throughout  the  Corps  of  Engineers 
as  a  valuable  tool  for  many  different  projects.  USAETL 
is  the  leader  in  developing  this  technology  within  the 
Corps. 

Being  developed  by  the  Department  of  Defense  and 
implemented  and  operated  by  the  Air  Force,  NAVSTAR 
GPS  will  operate  24  hours  a  day  and  in  all  weather 
situations  when  fully  deployed. 

Currently,  there  are  six  experimental  satellites  and  six 
operational  satellites  in  orbit,  providing  about  five  hours 
per  day  of  usability.  By  1993,  the  full  complement  of  24 
operational  satellites  will  be  deployed  and  the  system 
will  be  usable  around  the  clock. 

"Ninety-five  percent  of  all  funding  and  work  in  the 
area  of  GPS  technology  is  directed  toward  launching 
and  operating  the  system  in  orbit  and  making  user 
equipment  available.  USAETL  receives  funding  for 
developmental  activities  to  further  the  technology 
and  adapt  it  to  various  projects  within  the  Corps," 
said  Stephen  DeLoach,  chief,  Precise  Surveying 
Branch,  USAETL. 

Each  NAVSTAR  GPS  satellite  transmits  a  variety  of 
signals  that  allows  several  different  positioning 
techniques  to  be  used  with  accuracies  ranging  from 
millimeters  to  many  meters.  The  user  equipment 
receives  the  basic  satellite  information.  Depending 
on  which  broadcast  signal  is  received,  the  user  can  oper- 
ate a  single  receiver  and  antenna  to  establish  position  at 
an  accuracy  of  about  10  meters  or  about  100  meters. 

Another  method,  called  differential  positioning,  involves 
using  two  receivers  and  antennas  to  obtain  more  accurate 
measurements.  The  location  of  one  antenna  is  known 
and  an  unknown  position  is  determined  by  measuring 
the  three-dimensional  vector  between  the  two  antennas. 


Stephen  DeLoach  (1),  USAETL,  and  Rod  Maddox,  formerly  of 
the  Mobile  District,  set  up  a  GPS  antenna.  (Photo  by  Dick  Gamty.i 


Again,  with  the  differential  positioning  method,  two 
levels  of  accuracy  can  be  obtained  -  up  to  a  centimeter 
or  about  5  meters.  The  higher  accuracy  requires  more 
data  collection  at  a  stationary  point  and  extensive  post- 
processing techniques.  The  5-meter  accuracy  system  is 
much  more  rugged  and  can  be  achieved  in  real  time. 

The  NAVSTAR  GPS  not  only  will  have  many  applica- 
tions to  improve  the  military's  navigation  capabilities, 
but  already  has  provided  the  Corps  and  civilian  surveying 
community  with  an  accurate  geodetic  surveying  tool. 

USAETL  has  demonstrated  the  system's  capabilities  to 
more  than  half  of  the  39  Corps  districts  around  the  nation. 
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Stephen   DeLoach   (1)  and  Stuart  Van   Buren,   Land  Surveyors'   Association  of 
Washington,  stand  at  the  summit  of  Mount  Rainier. 


Recently,  USAETL  engineers  assisted  the  St.  Louis  Dis- 
trict in  mapping  the  Department  of  Transportation's 
Coast  Guard  Information  Systems  Command  facility  in 
Alexandria,  Va.  The  control  points  that  establish 
position  in  the  aerial  photography  were  surveyed  using 
GPS. 

"By  using  GPS,  we  were  able  to  complete  the  project  in 
one  day.  If  we  had  used  conventional  on-site  surveying 
methods,  the  project  would  have  taken  a  week  or  more. 
Using  GPS  is  accurate,  economical  and  much  quicker, 
which  is  what  makes  it  so  great,"  said  DeLoach. 

Another  use  of  differential  positioning  is  shown  in 
USAETL's  development  of  the  Continuous  Deformation 
Monitoring  System  (CDMS).  It  uses  NAVSTAR  GPS  to 
detect  small  movements  of  large  structures  automatically 
and  continuously,  without  operator  assistance. 

Many  organizations  involved  in  Geographic  Information 
System  (GIS)  data  base  creation  are  extremely  interested 
in  the  5-mcter  accuracy  system.  This  type  of  positioning 
will  be  easy  to  use,  and  provide  an  inexpensive  and 


rugged  survey  system  to  the  non-surveyer.  Examples 
of  its  uses  include  automated  highway  inventory  when 
linked  with  charged-coupled  device  cameras  and  wet- 
lands delineation  when  combined  with  remote  sensing 
imagery. 

The  centimeter-level  system  is  attracting  interest  from 
a  variety  of  users.  USAETL  is  developing  a  prototype 
under  the  Dredging  Research  Program  for  hydrographic 
surveying  and  dredge  positioning  in  three-dimensions. 
Other  interest  in  the  system  includes  aircraft  landing 
systems;  accurate,  real-time  knowledge  of  tide  and  river 
stage  depths,  allowing  for  increased  vessel  loading; 
elimination  of  ground  control  for  aerial  photogrammetry; 
and  on-board  positioning  of  heavy  construction  equip- 
ment. 

For  Additional  Information: 

To  discuss  this  effort  further,  contact: 

George  Simcox 

U.S.  Army  Engineer  Topographic  Laboratories 

Fort  Belvoir,  VA  22060-5546 

(202)  355-2629 


T^ECHLINE 

_l_    Pulp,  Paper,  and  Packaging 


Storage  of  Southern  Pine  Chips 

Southern  pine  chips  stored  in  outside  piles  lose  substan- 
tial amounts  of  wood  fiber,  tall  oil,  and  turpentine  be- 
tween harvesting  and  kraft  pulping.  Ideally,  the  best 
means  to  conserve  chipped  wood  and  its  byproducts  is 
to  eliminate  storage  or  keep  the  storage  time  very  short. 
However,  in  most  operations,  it  is  impractical  to  elim- 
inate all  wood  storage  or  operate  effectively  with  short 
storage  times. 

Scientists  at  the  Forest  Products  Laboratory  researched 
chip  storage  losses  and  the  economic  impact  of  various 
storage  methods.  Expected  storage  losses  are  shown 
below. 
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Correlated  monetary  losses  versus  storage  times  for  fresh 
southern  pine  chips. 

Several  storage  methods  were  evaluated.  The  first-in, 
first-out  (FIFO)  procedure  has  been  recommended  in  the 
past  for  reducing  deterioration  of  coniferous  species  dur- 
ing outside  chip  storage.  Certain  mills  pulping  southern 
pine  chips  use  it  and  some  think  it  to  be  the  best  method 
for  handling  this  type  of  chip. 

The  last-in,  first-out  (LIFO)  method  is  by  far  the  easiest 
to  use,  as  chips  are  simply  added  to  and  removed  from  the 
top  of  a  single  storage  pile.  A  modified  version  (LIFO-2) 
makes  use  of  two  storage  piles.  Many  mills  approximate 
one  of  these  procedures.  LIFO  is  not  recommended  be- 
cause chips  at  the  base  of  the  pile  may  deteriorate  seri- 
ously after  long  storage. 

After  study,  FPL  researchers  developed  the  standby  stor- 
age method  (SSM)  as  the  optimum  method  for  reducing 
monetary  and  byproduct  losses  in  southern  pine  chips. 
In  this  method,  most  of  the  fresh  chips  are  sent  directly 
to  the  digesters  and  a  portion  of  the  chips  are  stored  for 
several  months. 


Economic  comparison  of  chip  storage 
methods  for  southern  pine 


Total 

oss  ($/o.d 

ton) 

8-day 

16-day 

64-day 

Storage  method 

inventory 

inventory 

inventory 

FIFO 

0.82 

1.36 

2.81 

LIFO-2 

0.78 

1.24 

2.55 

Standby 

3  months 

0.28 

0.57 

2.25 

6  months 

0.18 

0.37 

1.44 

6  months/water 

Best  estimate0 

0.20 

0.41 

1.58 

2X  best  estimate 

0.22 

0.44 

1.73 

12  months 

0.12 

0.25 

0.98 

12  months/green  liquor 

Best  estimate4 

0.14 

0.27 

1.07 

2X  best  estimate 

0.15 

0.30 

1.17 

a$0.40/o.d.  ton  for  water  treatment. 
*$0.50/o.d.  ton  for  green  liquor  treatment. 


The  above  data  illustrate  that  the  SSM  best  reduces  mon- 
etary losses  in  the  storage  of  southern  pine  chips.  For  any 
given  inventory  of  stored  chips,  lengthening  the  storage 
time  of  the  chips  in  the  standby  pile  increases  the  frac- 
tion of  fresh  chips  being  pulped  and  decreases  losses  of 
tall  oil  and  turpentine.  Treatment  of  the  chips  with  wa- 
ter or  green  liquor  prior  to  storage  can  reduce  the  rate  of 
chip  deterioration  and  thus  permit  longer  storage  times. 

Outside  chip  storage  should  be  considered  an  integral 
part  of  the  modern  pulping  process  and  must  be  care- 
fully managed  to  hold  storage  losses  to  a  minimum.  Even 
with  just  a  few  day's  inventory  on  hand,  the  SSM  method 
can  result  in  significant  savings.  For  example,  a  1,000- 
ton/day  mill  with  an  8-day  supply  of  stored  chips  can 
achieve  an  annual  savings  of  over  $400,000  by  switching 
from  FIFO  to  6-month  SSM.  Thus,  for  many  kraft  op- 
erations, the  use  of  SSM  can  mean  increased  byproduct 
yields  and  increased  mill  revenues. 

For  additional  information  contact: 

Edward  L.  Springer 

Forest  Products  Laboratory 

One  Gifford  Pinchot  Drive 

Madison,  WI  53705-2398 

(608)  231-9451 

Reference 

Springer,  Edward  L.  1979.  An  economic  comparison  of 
chip  storage  methods.  Tappi.  62(9):39-42. 


United  States  Forest  State  and 

Department  of  Agriculture  Service  Private  Forestry 


Forest  Products 
Laboratory 
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Technology  Application 


Solar  Energy  Research  Institute 


Better  Waste  Management  with  SERI's  High-Solids  Reactor 


Municipal  solid  waste  mars  the  landscape,  wastes  valuable 
resources,  pollutes  groundwater,  and  emits  greenhouse  gases. 

Every  year,  Americans  produce  millions  of  tons  of 
waste  that  could  be  reclaimed  or  recycled  for  more  effi- 
cient use  of  our  natural  resources.  Yet  waste  processing 
costs  are  often  far  greater  than  any  potential  benefits. 
SERI  is  changing  this  situation  with  the  development  of  a 
unique  high-solids  reactor  that  can  process  low-moisture 
wastes  at  higher  conversion  rates  and  less  cost  than  many 
conventional  techniques. 

The  reactor  combines  efficient  mixing  with  bacterial 
action  to  process  both  organic  and  inorganic  wastes  with 
moisture  contents  from  zero  to  100%.  SERI  is  interested 
in  reactor  development  for  three  applications:  converting 
organic  wastes  to  clean-burning  fuels,  extracting  uranium 
from  mine  waste,  and  cleaning  up  contaminated  soil. 

Processing  Organic  Waste 

Municipal  solid  waste  (MSW)  is  accumulating  at  a  rate  of 
about  160  million  tons  a  year,  most  of  which  is  buried  in 
landfills.  SERI's  reactor  can  make  more  efficient  use  of  this 
waste  by  converting  the  organic  portions  into  fuels  such  as 
methane,  ethanol,  and  synthetic  natural  gas.  The  device 
can  also  be  used  to  process  sewage,  reducing  its  volume 
and  odor  with  the  option  of  producing  gas  fuels  as  well. 

SERI's  bench-scale  reactors  have  converted  MSW  to 
methane  more  than  five  times  faster  than  conventional  low- 
solids  (5%-8%)  stirred  tank  reactors.  High  conversion  rates 
can  be  attributed  both  to  efficient  mixing,  which  improves 
mass  transfer  and  prevents  the  formation  of  inactive 
zones,  and  to  a  greater  concentration  of  bacteria. 

SERI  is  seeking  industry  partners  to  help  build  a  pilot- 
scale  reactor  capable  of  processing  several  hundred 
pounds  of  MSW  per  day.  This  reactor  would  be  used 
to  study  the  feasibility  of  sewage  sludge  treatment  and 


to  develop  a  commercial  reactor  with  a  50%  to  70% 
destruction  efficiency  for  volatile  MSW  solids. 

Extracting  Uranium  from  Mine  Waste 

SERI's  high-solids  reactor  may  have  further  potential  in 
recovering  uranium  from  mine  waste.  Because  the  reactor 
operates  efficiently  at  high  solids  concentrations,  it  would 
use  less  water  than  conventional  leaching  methods  and 
help  minimize  the  problem  of  waste  water  disposal. 

Efficient  solids  mixing  would  promote  higher  reaction 
rates  than  those  of  unmixed  leaching  systems.  Uranium 
ions  could  be  recovered  by  one  of  several  methods: 
microbial  reduction  under  anaerobic  conditions,  bioadsorp- 
tion  using  microbes  in  packed-bed  reactors,  or  adsorption 
on  selective  ion  exchange  resins.  The  purified  water  could 
then  be  recycled  for  further  leaching. 

SERI  is  seeking  industry  cooperation  to  investigate  the 
bioleaching  of  uranium  mining  waste  using  the  high-solids 
reactor.  Studies  would  involve  comparing  reactor  perfor-  4 
mance  to  that  of  several  conventional  leaching  techniques. 
Uranium  recovery  from  leaching  agents  through  bioadsorp- 
tion  and  bioreduction  will  also  be  investigated. 

Cleaning  Up  Contaminated  Soil 

Current  methods  of  cleaning  up  contaminated  soil  in- 
clude energy-intensive  combustion,  which  carries  air  pollu- 
tion risks,  and  slurry  washing,  a  process  that  not  only  is 
energy-intensive  but  also  creates  large  volumes  of  con- 
taminated water.  SERI's  high-solids  reactor  can  help  avoid 
these  problems  through  efficient  biological  remediation  of 
contaminated  soil  with  a  low  moisture  content. 

Industry  partners  would  help  SERI  researchers  to  ex- 
plore the  possibilities  of  using  the  high-solids  reactor  for 
soil  cleanup.  Joint  efforts  would  involve  comparing  the  per- 
formance of  SERI's  bench-scale  reactors  to  that  of  other 
commonly  used  techniques,  including  conventional  low- 
solids  reactors  and  slurry  washing. 

For  information  on  cooperative  research  using  the  high- 
solids  reactor,  contact  Dr.  Charles  Wyman.  manager  of 
SERI's  Biotechnology  Research  Branch,  (303)  231-1753. 


Solar  Energy  Research  Institute 
1617  Cole  Boulevard 
Golden,  CO  80401-3393 
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New  Technology  from  the 
Bureau  of  Mines 

U.S.  Department  of  the  Interior    Bureau  of  Mines 


Impact  Assessment  and  Blast  Design  for  Surface  Mines 
with  Low-Frequency  Vibration  Problems 


Objective 


Identify  abnormal  low-frequency  blast  vibrations.  De- 
velop blast  design  procedures  for  such  adverse  vibration 
cases,  including  the  selection  of  delay  times  based  on 
ground  conditions,  vibration  frequency,  and  structural 
response. 

The  Problem 

Research  by  the  Bureau  of  Mines  and  others  has  de- 
monstrated how  structural  response  and  the  potential  for 
cracking  and  other  damage  depends  on  blast  vibration 
frequency  in  addition  to  particle  velocity  amplitude.  The 
Bureau  has  published  recommended  criteria  for  blasting 
near  low-rise  residential-type  structures;  criteria  that 
specified  frequency-dependent  amplitudes. 


The  typical  vibration  frequency  from  surface  mine  and 
quarry  blasting  is  20  hertz  (Hz).  Sites  have  been  found, 
however,  that  regularly  produce  ground-roll-type  waves 
with  frequencies  as  low  as  4  Hz.  The  most  serious  cases 
are  those  where  vibration  frequencies  fall  in  the  natural 
frequency  range  for  structures  of  4  to  12  Hz.  Such  vibra- 
tions have  a  higher  potential  for  causing  damage  to  resi- 
dential structures,  particularly  at  the  low  end  of  this 
frequency  range,  because  of  the  resulting  high  strains  these 
frequencies  produce  in  structural  materials. 

Vibration  frequencies  are  influenced  by  such  variables 
as  geology,  distance,  and  blast  design  (mainly  delay  in- 
tervals), and  blast  design  is  a  controllable  variable.  At 
a  minimum,  operators  must  be  able  to  identify  a  low- 
frequency  problem,  know  what  measures  can  be  used  to 
minimize  the  impacts,  and  what  tools  are  required  to 
provide  increased  design  control  of  blast  vibrations. 


*i.    -  -  v 

Low-frequency  vibrations  from  surface  coal  mine  production  blasts  were  assessed  to  develop  blast  design  procedures  for  vibration 
control. 
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The  Approach 

The  Bureau  studied  low-frequency  blasting  vibrations 
from  surface  coal  mines  in  Indiana  with  support  of  the  Of- 
fice of  Surface  Mining,  Reclamation  and  Enforcement. 
The  first  mine  investigated  had  extensive  near-surface 
abandoned  workings  and  a  history  of  low-frequency 
vibration  problems.  The  Bureau's  propagation  array  data 
were  supplemented  by  a  year's  worth  of  company-  and 
State-collected  data.  During  the  year  in  which  the  data 
were  collected,  the  mine  employed  a  variety  of  blast 
designs  including  casting. 

This  first  study  was  followed  by  a  survey  study  of  eight 
other  Indiana  surface  coal  mines.  The  objectives  of  the 
survey  study  were  to  determine  if  the  low-frequency  prob- 
lem was  site  specific  or  widespread,  how  it  was  related  to 
local  geology  and  specifically  sites  undermined  by  old 
workings,  and  the  importance  of  the  blasting  techniques  in 
use. 

Test  Results 

Researchers  found  that  many  of  the  sites  had  occasion- 
ally experienced  low-frequency  (below  10  Hz)  and  long- 
duration  (up  to  8  seconds)  blast  vibrations.  It  was  also 
found  that  such  vibrations  could  be  generated  at  both 
undermined  sites  and  those  with  thick,  low-velocity  sur- 
face layers.  Based  on  traditional  methods  for  calculating 
charge  weights  per  delay,  vibration  amplitudes  were  found 
to  be  abnormally  high.  This  finding  added  to  the  evidence 
that  the  longstanding  8-millisecond  minimum  separation 
criterion  was  not  sufficient  to  separate  charges  for  such 
low-frequency  cases.  In  addition,  vibration  frequencies 
were  predominantly  determined  by  the  propagating  media 
(geologic  structure,  composition,  and  old  mine  workings) 
and  were  slightly,  if  at  all,  responsive  to  changes  in  delay 


intervals.  It  is  significant  that  these  production  blasts  used 
standard  pyrotechnic  initiators  with  standard  delay  errors. 
Some  preliminary  tests  with  experimental  precision 
timing  suggests  increased  control  of  both  vibration 
characteristics  and  fragmentation  performance.  For  low- 
frequency  problem  sites,  this  would  mean  an  increased 
range  at  which  blast  design  can  influence  vibration.  Sites 
that  were  not  previously  controllable  may  become  so. 
Widespread  availability  of  precision  initiators  promises  to 
greatly  expand  the  capability  for  effective,  efficient,  and 
safe  blasting. 


For  More  Information 

The  results  of  the  Bureau's  vibrations  studies  have  been 
published  in  several  Reports  of  Investigations  (RI's) 
including  RI  8507  "Structure  Response  and  Damage  Pro- 
duced by  Ground  Vibration  From  Surface  Mine  Blasting," 
RI  8896  "Effects  of  Repeated  Blasting  on  a  Wood-Frame 
House,"  RI  9026  "Effects  of  Millisecond-Delay  Intervals  on 
Vibration  and  Airblast  From  Surface  Coal  Mine  Blasting," 
RI  9226  "Comparative  Study  of  Blasting  Vibrations  From 
Indiana  Surface  Coal  Mines,"  and  RI  9078  "Low-Frequency 
Vibrations  Produced  by  Surface  Mine  Blasting  Over 
Abandoned  Underground  Mines." 

To  learn  more  about  these  studies  or  obtain  copies  of 
these  reports,  contact: 

David  E.  Siskind  or  Mark  S.  Stagg 
Twin  Cities  Research  Center 
U.S.  Bureau  of  Mines 
5629  Minnehaha  Avenue  South 
Minneapolis,  MN  55417-3099 
(612-725-4598  or  612-725-4574) 


New  Technology  from  the 
Bureau  of  Mines 

I      U.S.  Department  of  the  Interior    Bureau  of  Mines 


Simple  Extensometer  Measures  Underground  Backfill 
Displacements 


Objective 


Measure  settling  in  cemented  backfill  when  installation 
of  borehole  extensometers  is  not  feasible. 

Problem 


To  evaluate  the  amount  of  load  that  backfill  carries 
during  pillar  recovery,  information  about  how  much  the 
backfill  settles  after  placement  is  often  required.  However, 
the  composition  of  some  backfills  makes  them  difficult  to 
drill  and  the  installation  of  borehole  extensometers  almost 
impossible. 

Approach 

Bureau  researchers  have  developed  a  vertical  fill  ex- 
tensometer that  can  be  cast  in  place  as  a  stope  is  being 
filled.  It  consists  of  a  baseplate,  sections  of  steel  pipe 
enclosed  in  loosely  coupled  polyvinyl  chloride  (PVC)  pipe, 
and  a  top  anchor  assembly  that  contains  a  displacement 
transducer  (fig.  1). 

How  It  Works 

The  vertical  extensometer  measures  relative  displace- 
ment between  the  baseplate  and  the  top  anchor  as  backfill 
is  compressed  by  overburden  loading.  The  baseplate  sec- 
tion consists  of  a  2-inch-diameter  steel  coupler  and  a  short 
piece  of  3.5-inch-diameter  steel  pipe  welded  to  a  steel 
plate.  The  3.5-inch-diameter  pipe  creates  a  slip  joint  with 
an  outer  PVC  casing.  By  allowing  movement  at  slip  joints 
and  at  uncemented  couplers,  the  PVC  casing  isolates  the 
backfill  from  the  pipe  attached  to  the  baseplate.  After 
two  or  three  5-foot-long  sections  of  steel  and  PVC  pipe 
are  attached  to  the  baseplate,  the  assembly  is  positioned 
on  a  level  surface.  As  the  stope  is  backfilled,  fill  material 
is  hand  packed  around  the  casing  to  stabilize  it.  A  level  is 
used  to  ensure  vertical  alignment.  Once  this  bottom  sec- 
tion has  been  nearly  buried,  the  backfill  is  allowed  to  cure 


Top    anchor 
(crossed   angle  irons) 


Connecting    rod 


3-1/2-in    diam 
steel   pipe 


2-in-diam  - 
steel  pipe 

3-  1  /2-in-diam 
steel   pipe 


Base    plate 
Figure  1. -Vertical  (ill  extensometer. 
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until  it  securely  anchors  the  baseplate  and  maintains  its 
alignment  (fig.  2). 

Additional  sections  of  pipe  are  added  as  filling  pro- 
gresses to  create  an  extensometer  of  virtually  any  length. 
When  the  desired  length  is  reached,  the  head  assembly, 
which  contains  the  displacement  transducer,  is  connected 
to  the  standing  pipe.  Backfill  is  expected  to  compress 
during  pillar  loading.  Because  compression  is  expected, 
the  top  anchor  plate  is  extended  so  the  displacement  trans- 
ducer is  pulled  almost  to  its  maximum  distance  of  travel. 
A  slotted  guide  and  stop  pin  limit  the  movement  of  the  top 
anchor  to  prevent  damage  to  the  transducer.  To  complete 
the  installation,  backfill  is  hand  packed  around  the  top 
anchor  of  angle  iron  welded  to  form  a  cross. 

As  backfill  compresses,  the  displacement  transducer 
records  the  resulting  vertical  displacement  between  the  top 
anchor  and  the  baseplate.  A  transducer  signal  cable  is 
encased  in  steel  pipe  and  extended  through  the  backfill  to 
an  access  drift,  where  measurements  are  taken  by  portable 
electronic  equipment. 

Test  Results 

The  Cannon  Mine,  in  Wenatchee,  WA,  uses  a  multilevel 
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Figure  3.-Backfill  displacement  history. 

bench  cut-and-fill  mining  system.  Cemented  and  unce- 
mented  backfills  are  end-dumped  into  the  stope  from  a  top 
heading.  Benches  are  usually  50  feet  high,  but  pillars  may 
be  130  feet  high.  Over  a  1.5-year  period,  a  vertical  fill 
extensometer  was  used  to  monitor  displacements  in  ce- 
mented backfill  as  rock  pillars  were  mined.  Figure  3 
shows  the  history  of  an  extensometer  that  measured  ver- 
tical displacement  over  a  height  of  23  feet.  A  rapid  in- 
crease in  the  displacement  rate  from  day  335  to  day  385  is 
shown.  The  increase  was  caused  by  additional  loading  of 
the  backfill  as  a  heading  was  driven  in  an  adjacent  rock 
pillar.  Data  from  these  extensometers  and  other  instru- 
ments can  be  used  to  determine  in  situ  loading  and  struc- 
tural integrity  of  backfill  and  rock  pillars.  With  such  in- 
formation, accurate  computer  models  can  be  developed 
to  evaluate  future  mining  strategies. 

For  More  Information 

For  additional  information  about  this  development  please 
contact: 


James  D.  Vickery  or  Douglas  R.  Tesarik 

Spokane  Research  Center 

Bureau  of  Mines 

E.  315  Montgomery  Avenue 

Spokane,  WA  99207-2291 


Figure  2. -Installation  of  baseplate  assembly. 
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New  Technology  from  the 
Bureau  of  Mines 

f     U.S.  Department  of  the  Interior    Bureau  of  Mines 


Structural  Uses  and  Placement  Techniques  for  Lightweight 
Concrete  in  Underground  Mining 

Objective 

Investigate  the  use  and  placement  of  lightweight  con- 
crete to  improve  ground  control  technology  in  deep  mines 
where  deformation  occurs  under  heavy  ground  conditions 
and  where  there  is  danger  of  rock  bursts. 

Approach 

Investigations  of  lightweight  concrete  properties  and 
placement  methods  were  conducted  in  the  laboratory  and 
in  the  field.  Three  test  sections  were  completed:  a  mono- 
lithic, portal-type  structure  with  integral  walls  and  arch 
constructed  aboveground;  an  underground  test  section 
constructed  in  a  mine  drift  using  plywood  forms;  and  a  test 
section  constructed  in  a  mine  drift  using  an  air-supported 
formwork.  In  the  two  underground  test  sections,  the  light- 
weight concrete  was  placed  using  a  piston  pump  with  con- 
crete discharge  line. 

A  cooperating  mine  also  used  lightweight  concrete,  in 
the  density  range  of  25  lb/ft3,  to  replace  timber  blocking 
in  a  raise  preparation  structure  (the  enlarged  are=>  across 
a  vein  where  chutes  and  manway  access  are  placed). 
Other  experiments  included  the  use  of  precast  lightweight 
concrete  blocks  in  situations  where  ground  support  was 
needed,  such  as  for  mine  ventilation  doors,  stoppings,  and 
barricades. 

How  It  Works 

Lightweight  concrete  is  defined  as  a  concrete  material 
having  less  than  the  normal  unit  weight  of  concrete,  about 
150  lb/ft3.  For  these  experiments,  the  air-entraining  agent 
chosen  was  a  foaming  solution  that  produced  a  thick  soap- 
suds-like foam  that  added  volume  to  mix  without  appre- 
ciable weight.  For  a  100-lb/ft3  batch,  the  approximate  mix 
per  cubic  yard  was  1,910  lb  sand,  675  lb  cement,  32  U.S. 
gal  water,  and  7.8  ft3  foam.  For  a  25-lb/ft3  batch,  the 
following  approximate  mix  was  used:  no  sand,  505  lb 
cement,  22  U.S.  gal  water,  and  21.6  ft3  foam. 

An  immediate  underground  construction  advantage  for 
lightweight  concrete  is  that  a  large  volume  of  coarse  ag- 
gregate is  no  longer  needed.  Because  the  coarse  aggregate 
usually  amounts  to  two-thirds  to  three-quarters  of  the  total 
volume  of  normal-weight  concrete,  an  enormous  savings  in 
materials,  as  well  as  a  savings  in  the  cost  of  transporting 
aggregates,  is  readily  seen.  Because  less  materials  are 
used  and  the  volume  of  foam  simply  replaces  the  volume 
of  aggregate,  overall  materials  handling  problems  are 
greatly  simplified. 


Figure  1.- Completed  lightweight  concrete  test  section. 

Test  Results 

Two  broad  categories  of  lightweight  concrete  were 
tested:  A  structural-grade  lightweight  concrete  in  the 
density  range  of  75  to  125  lb/ft  and  a  nonstructural  grade 
in  the  density  range  of  25  to  65  lb/ft3. 

The  first  category  includes  concrete  to  be  used  as  per- 
manent support  in  tunnel-type  openings  such  as  drifts  and 
main  haulageways.  Figure  1  shows  a  completed  under- 
ground test  section.  Placement  was  found  to  be  easier 
than  when  using  ordinary  concrete  because  vibration  of  the 
mix  was  not  necessary,  workability  behind  the  closed  form- 
work  was  exceptional,  and  overall  pumping  was  easier. 
Lower  concrete  weights  meant  that  less  formwork  strength 
and  bulk  were  required. 

The  second  category  includes  concrete  to  be  used  as 
crushable  (frangible)  liners  and  for  filling  potentially  haz- 
ardous voids.  An  advantage  of  this  type  of  concrete  is 
that  it  will  deform  up  to  50  pet  at  a  constant  yield  stress 
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(fig.  2).   Such  material  could  be  used  for  poured-in-place 
mine  pillars  and  collapsing  crib  support. 

Laboratory  tests  indicated  a  direct   relationship  be- 
tween unit    weight    and    28-day    compressive    strengths. 
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Figure    2. -Compression 
concrete  pillars. 


records    for    typical    lightweight 


Lightweight  concrete  in  the  100-lb/ft3  range  had  a  com- 
pressive strength  of  about  2,000  psi,  while  lightweight       ( 
concrete  in  the  25-lb/ft3  range  had  a  compressive  strength 
of  about  100  psi. 

Guidelines  for  Use 

Use  of  lightweight  concrete  is  similar  to  ordinary  con- 
crete in  that  the  mix  design  should  be  closely  controlled 
and  the  water  content  carefully  monitored.  The  amount 
of  air  in  the  foamed  mix  is  critical  and,  because  the  mix 
will  lose  air  with  time,  quick  placement  of  the  mix  is  high- 
ly recommended.  Experience  with  ordinary  concrete 
placement  followed  by  additional  practice  with  foamed 
concrete  in  the  field  should  provide  sufficient  qualification 
for  use. 

For  More  Information 

This  research  is  discussed  in  U.S.  Bureau  of  Mines 
Report  of  Investigations  (RI)  9266,  "Structural  Uses  and 
Placement  Techniques  for  Lightweight  Concrete  in  Un- 
derground Mining."  For  a  free  single  copy  of  this  RI, 
write  to  the  Bureau's  Publication  Distribution  Section, 
Bldg.  149,  P.O.  Box  18070,  Cochrans  Mill  Road, 
Pittsburgh,  PA  15236-0070. 

Additional  information  may  be  obtained  by  contacting 
the  principal  investigator: 

Eugene  H.  Skinner 
U.S.  Bureau  of  Mines 
Spokane  Research  Center 
E.  315  Montgomery 
Spokane,  WA  99207-2291 
(509-484-1610) 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Expert  System  Helps  Diagnose  Cause  of  Cracks 


Remember  the  children's  ditty,  "Step  on  a  crack,  break  your  mother's  back"?  While  that's  not  true,  cracks  in 
concrete  structures  are  nothing  to  sing  about.  To  help  diagnose  the  causes  of  cracks  in  concrete,  NIST  researchers 
have  developed  a  prototype  expert  system  known  as  "CRACKS."  An  expert  system  is  a  computer  program  that 
incorporates  facts  along  with  experts'  opinions  and  guidelines.  In  addition,  CRACKS  includes  a  database  for 
maintaining  information  describing  a  structure  and  an  "image  base"  for  storing  digitized  photographs  and  drawings 
of  cracking.  CRACKS  also  can  be  used  to  measure  the  rate  of  deterioration  of  a  structure  by  comparing  observa- 
tions over  time.  While  CRACKS  is  not  yet  available  commercially,  it  is  available  for  review  and  comment. 

FOR  ADDITONAL  INFORMATION:  Contact  Lawrence  J.  Kaetzel,  B348  Building  Research  Bldg.,  NIST,  Gaith- 
ersburg, Md.  20899;  (301)975-5912. 
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Dual-Seal  System  Developed 
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Figure  1.  Two  principal  modes  of  operation 


The  Integral  Elastomeric/ 
Graphite  Dynamic  Face  Seal  (see 
Figure  1)  recently  developed  by  the 
Naval  Ocean  Systems  Center 
(NOSC),  San  Diego,  California,  is  a 
dual-seal  system  that  seals  a  rotating 
shaft  over  a  wide  range  of  pressures 
and  rotational  speeds.  It  can  be  used 
extensively  in  marine  engineering, 
by  reducing  the  chance  of  rotating 
shaft  fluid  leaks  or  failure,  as 
operating  depths  increase. 

The  seal  provides  a  dynamic 
shaft  seal  that  combines  the 
advantages  of  a  positive  elastomeric 
O-ring  seal  for  low  pressure  sealing 
and  a  graphite  face  seal  for  high 


pressure  sealing.  This  integral 
configuration  allows  for  a  smooth 
transition  between  the  two  without 
leakage.  Springs  are  designed  to 
provide  the  correct  preload 
compression  on  the  dynamic  O-ring 
seal  and  the  forces  needed  for  proper 
transition. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  150101/TN 
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IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lyndon  B.  Johnson  Space  Center,  Houston,  Texas 


Licensing 
Opportunity 


Array  of  Rockets  for  Multicrewmember  Evacuation 

Crewmembers  can  hook  up  to  tractor  rockets  and  fire  them  unaided. 


An  emergency  egress  system  undergo- 
ing development  for  aircraft  and  aero- 
space vehicles  uses  a  fixed  array  of  tractor 
rockets  to  eject  crewmembers.  It  serves 
the  same  function  as  the  ejection  system 
described  in  the  preceding  article.  That 
system,  however,  relies  on  a  rocket  maga- 
zine in  which  rockets  drop  in  sequence  into 
a  tube  for  firing,  one  per  crewmember.  In 
the  fixed-array  system,  in  contrast,  8  to  10 
rockets  occupy  fixed  positions  in  individual 
firing  tubes  around  the  egress  hatch  (see 
figure). 

The  array  of  rockets  is  positioned  as  a 
unit  in  a  ready-to-use  orientation  during 
flight  operations.  On  the  ground,  it  is  swung 
out  of  the  way.  The  rocket  array  can  also  be 
mounted  under  the  exit  hatch,  where  it 
serves  as  the  egress  ramp.  Crewmembers 
would  kneel  on  the  array  to  gc  through  the 
egress  steps. 

To  use  the  system,  a  crewmember  dons 
a  parachute,  lies  on  the  egress  ramp,  pulls 
a  tear-away  tab  to  open  a  rocket  package, 
hooks  a  lanyard  from  the  rocket  to  the  par- 
achute pack,  and  depresses  a  safety  lever 
to  activate  a  trigger  mechanism.  The  crew- 
member pulls  the  lanyard  to  fire  the  trigger. 
The  two-step  firing  —  first  activating  the 
trigger,  then  firing  it  —  prevents  the  crew- 
member from  operating  the  rocket  prema- 
turely. 

As  soon  as  the  fired  rocket  has  pulled 
the  crewmember  horizontally  through  the 
hatch,  the  next  crewmember  reclines  on 
the  ramp  and  performs  the  emergency  exit 
procedure.  The  procedure  is  repeated  until 
all  the  crewmembers  have  been  evacu- 
ated. 

The  fixed  array  does  not  require  a  jump- 
master  because  the  lanyard  is  easy  to  at- 
tach, and  there  is  no  danger  of  a  magazine 
mechanism  jamming  and  needing  atten- 
tion. Moreover,  the  fixed  array  is  more  reli- 


A  Crewmember  Prepares  for  ejection  under  an  array  of  rockets.  Another  crewmember,  left, 
waits  to  use  the  emergency  egress  system. 


able  than  the  magazine  system  because 
the  failure  of  one  rocket  or  its  mechanism 
does  not  prevent  the  use  of  the  remaining 
rockets. 

This  work  was  done  by  Margaret  A. 
Allen  of  Rockwell  International  Corp.  for 
Johnson  Space  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 


Patent  Counsel,  Johnson  Space  Center. 
Refer  to  MSC-21332/TN. 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
Mail  Code  IC-4 
Houston,  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)  483-4871 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Langley  Research  Center,  Hampton,  Virginia 


Computer  Simulation  for  Multilevel  Optimization  of  Design 

Simple  mathematical  functions  are  substituted  for  complex  engineering  analyses. 


Complex  engineering  systems  are  usu- 
ally amenable  to  decompositions  in  which 
the  wholes  are  treated  as  assemblies  of 
smaller  parts.  Traditionally,  engineers  have 
used  this  technique  to  break  large  design 
tasks  into  smaller  subtasks  executed  con- 
currently, thereby  developing  a  broad 
workfront  and  speeding  the  design  proc- 
ess. Methods  for  the  application  of  formal 
optimization  techniques  to  decomposed 
system-design  problems  are  highly  desira- 
ble and  are  currently  under  development. 

Unfortunately,  because  of  the  mathe- 
matical complexity  of  the  design  subprob- 
lems,  the  experimentation  with,  and  vali- 
dation of,  these  methods  becomes  very 
expensive.  As  a  consequence,  tests  of 
some  of  the  new  methods  have  had  to  be 
quite  restricted  in  scope.  However,  a  new 
simulator  for  multilevel  optimization  of 
complex  hierarchical  systems  greatly  re- 
duces the  cost  of  analysis  in  experimenta- 
tion with  multilevel  design-optimization  al- 
gorithms. 

The  simulator  is  a  computer  program 
that  mimics  the  qualitative  behavior  and 
data  couplings  that  occur  among  the  sub- 
systems of  a  complex  engineering  system, 
such  as  a  car,  an  aircraft,  or  a  building.  The 


decomposition  may  be  regarded  as  a  pyra- 
mid of  hierarchically  related  modules,  in 
which  each  module  corresponds  to  a  de- 
sign subtask.  The  subtasks  may  correlate 
with  physical  subsystems  or  with  engineer- 
ing disciplines  that  contribute  to  the  design 
of  the  system.  For  the  purposes  of  man- 
agement, the  modules  may  be  groups  of 
people. 

Each  module  represents  an  algorithm 
that  converts  input  into  output.  The  algo- 
rithm may  include  both  analysis  and  opti- 
mization. The  overall  procedure  takes  the 
form  of  a  multilevel  optimization,  the  pur- 
pose of  which  is  to  satisfy  constraints  and 
improve  the  performance  of  the  whole 
system. 

The  simulator  eliminates  the  engineer- 
ing analyses  in  the  subsystems  by  replac- 
ing them  with  judiciously-chosen  analytical 
functions.  The  cost  of  analysis  having  thus 
been  eliminated,  the  simulator  is  used  for 
experimentation  with  a  large  variety  of  can- 
didate algorithms  for  methodologies  for  the 
multilevel  optimization  of  design  to  choose 
the  best  ones  for  the  application.  Thus,  the 
simulator  serves  as  a  tool  for  the  develop- 
ment of  strategy  for  the  multilevel  optimiza- 
tion of  design. 


Experience  with  the  simulator  to  date 
showed  the  following:  agreement  of  the  re- 
sults of  multilevel  optimization  with  bench- 
mark results  produced  without  decomposi- 
tion, acceptable  rates  of  convergence  for 
the  multilevel  optimization  algorithms  test- 
ed, and  a  slightly  reduced  rate  of  conver- 
gence of  multilevel  optimization  when  the 
strength  and  complexity  of  the  couplings 
among  subtasks  were  increased.  In  sum- 
mary, the  simulator  confirmed  the  viability 
of  the  multilevel  optimization  algorithms 
tested  and  has  proved  to  be  a  valuable  tool 
in  the  development  of  these  algorithms  for 
use  in  the  design  of  complex  engineering 
systems. 

This  work  was  done  by  Sharon  L 
Padula  and  Jaroslaw  Sobieszczanski- 
Sobieski  of  Langley  Research  Center. 
LAR-13850/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Determining  Sense  of  Motion  in  Robotic  Vision 

Image-processing  algorithms  are  based  partly  on  natural  visual/mental  processes. 
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Gabor  Filters 


A  Robotic  Vision  System  could  include  a  computing  subsystem  that  would  detect  motion  according  to  the  proposed  scheme.  The  processing 
of  Image  data  to  detect  motion  might  be  performed  by  a  neural-network  computer  in  accordance  with  nonlinear  Gabor-function  algorithms. 


A  proposed  digital  image-processing 
scheme  (see  figure)  would  determine  the 
sense  of  motion  of  an  object  in  an  image 
along  one  coordinate  axis  (left  to  right  or 
right  to  left)  with  respect  to  the  background 
in  the  image.  The  image  would  be  encoded 
by  passing  it  through  spatiotemporal  filters, 
including  a  nonlinear  contrast  function  with 
a  threshold.  The  nonlinear  response  to  the 
sums  and  differences  of  imagery  proc- 
essed through  even  and  odd  spatial  filters 
would  indicate  the  sense  of  motion. 

In  essence,  the  problem  is  to  obtain  a 
numerical  indication  of  whether  and  how 
far  a  spatial  pattern  in  the  image  has  moved 
during  the  temporal  interval  between  two 
observations  or  image  frames.  For  this  pur- 
pose, the  image  would  first  be  processed 
through  even  (£)  and  odd  (O)  Gabor  filters; 
namely, 
FE(f,x,x0,o)  = 

cos(2nfx)  exp[  -  (x  -  x0)2/2o2] 


and 
F0(f,x,x0,o)  = 

sin  (2nfx)  exp[  -  (x  -  x0)2/2o2] 

where  f  is  the  spatial  frequency  of  interest, 
x  is  the  horizontal  position  being  examined, 
x0  is  the  observer's  point  of  fixation,  and  o  is 
an  effective  width  of  a  spatially-localized 
smoothing  function. 

Gabor  filters  are  chosen  because  they 
imitate  some  of  the  behavior  of  the  visual 
cortex  and  optimize  resolution  on  a  linear 
scale  in  the  spatial-position  and  spatial- 
frequency  domains.  The  sine  and  cosine 
functions  of  the  Gabor  filters  act  like  orient- 
ed 1  Vz  octave  bandpass  spatial-frequen- 
cy functions  that  extract  the  contrasts  at 
each  position.  An  even  filter  computes  the 
smoothed  contrast  at  each  position, 
whereas  an  odd  filter  computes  the  corre- 
sponding contrast  difference  or  spatial  gra- 
dient. 


In  the  proposed  scheme,  the  sense  of 
motion  of  a  pattern  in  an  image  relative  to 
the  background  in  the  image  at  two  differ- 
ent times  would  be  discriminated  when- 
ever the  output  from  computations  that 
involve  the  difference  and  sum  of  paired 
odd  and  even  band-pass  channels  pooled 
across  the  background  frame  of  reference 
exceeds  the  threshold.  The  following 
model  is  proposed  to  predict  the  visibility  of 
shifts  in  the  sense  of  motion  of  a  test  pat- 
tern (detected  by  F0)  relative  to  a  multif  re- 
uency  background  (detected  by  FE)  be- 
tween time  t,  and  time  t  ? 

U 
x=x0+- 


0      2  DO 
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where  Ct  corresponds  to  the  contrast  of 
the  test  pattern,  Cb corresponds  to  the  con- 
trast of  the  the  background  pattern,  C0  is  a 
threshold  expressed  as  a  constant  that 
corresponds  to  the  signal-to-noise  ratio 
used  when  detecting  left-to-right  move- 
ment of  a  test  pattern  relative  to  the  back- 
ground, n  corresponds  to  the  slope  of  the 


contrast  response  function  (usually  n  is  ap- 
proximately 2),  m  is  usually  1,  sometimes 
=  2,  m  xo  =  1,  /}  corresponds  to  the 
spatial  period  of  the  background  frame  of 
reference,  and  kt  and  k,  are  constants  for 
the  gain  of  the  contrast  sensitivity  that  is 
changed  by  feedback. 

Leftward  movement  is  signaled  by  the 
difference  between  the  outputs  of  paired 
odd  and  even  filters,  whereas  rightward 
movement  is  signaled  by  the  sum  of  the 
outputs  of  paired  odd  and  even  filters.  Left- 
to-right  movement  at  one  spatial  position 


would  be  discriminated  when  the  differ- 
ence of  paired  even  and  odd  filters  at  time 
1 1  differs  significantly  from  the  sum  at  time 
fg.  The  sign  of  the  temporal  gradient  would 
determine  whether  the  test  pattern  moved 
to  the  right  or  left  of  the  peak  luminance  of 
the  background. 

777/5  work  was  done  by  Teri  B.  Lawton  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory.      NPO-17552/TN 
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Electromagnetic  Meissner-Effect  Launcher 

Projectile  coils  and  brush  contacts  would  not  be  needed. 


A  proposed  electromagnetic  Meissner- 
effect  launching  apparatus  would  differ 
from  previous  electromagnetic  launchers 
in  that  there  would  be  no  need  for  an  elec- 
tromagnet coil  on  the  projectile.  As  a 
result,  there  would  be  no  need  for  brush 
contacts  and  high-voltage  commutation 
equipment  to  supply  current  directly  to  the 
projectile  coil,  or  for  pulse  circuitry  to  in- 
duce current  in  the  projectile  coil  if  brush 
contacts  are  not  used. 

In  the  electromagnetic  Meissner-effect 
launcher,  the  projectile  would  be  acceler- 
ated along  the  axis  of  a  segmented  solen- 
oidal  electromagnet  (see  figure).  The  pro- 
jectile would  consist  of  a  forward  section 
containing  the  payload,  a  middle  (separa- 
tion) section  consisting  of  a  bulkhead  and 
insulation,  and  an  aft  (propulsion)  section. 
The  outside  surface  of  the  aft  section 
would  be  covered  by  one  of  the  newly 
discovered  materials  that  becomes  super- 
conductive at  and  below  the  temperature 
of  liquid  nitrogen. 

The  segments  of  the  electromagnet  be- 
hind and  surrounding  the  aft  section  would 
be  activated  in  sequence  as  the  projectile 
passes  by.  For  this  purpose,  laser  beams 
would  be  aimed  at  photodetectors  across 
the  gaps  between  the  segments.  The  pho- 
todetectors would  sense  the  axial  position 
of  the  projectile  via  interruptions  of  laser 
beams,  and  the  outputs  of  the  photodetec- 
tors would  thus  serve  as  control  signals  for 
the  segments. 

The  Meissner  effect  is  the  expulsion  of  a 
magnetic  field  from  the  interior  of  a  super- 
conductor. Because  of  the  Meissner  effect, 
the  magnetic  field  would  be  compressed 
between  the  superconductive  surface  and 
the  interior  surface  of  the  electromagnet. 
The  resulting  gradient  of  magnetic  pres- 


sure on  the  cylindrical  portion  of  the  super- 
conducting surface  would  provide  a  lateral 
magnetic  restoring  force  that  would  help 
keep  the  projectile  on  axis,  while  the  gra- 
dient of  magnetic  pressure  on  the  conical 
portion  would  provide  both  the  axial  pro- 
pulsive force  and  some  additional  center- 
ing force. 

A  supply  of  pressurized  liquid  nitrogen  in 
the  propulsion  section  would  keep  the  su- 
perconductor cool  immediately  before  and 
during  launch.  The  liquid  nitrogen  would  be 
forced  out  through  a  tube  at  the  top  of  the 
tank,  then  down  along  a  spiral  channel  in 
contact  with  the  superconductor,  and  out 
through  a  hole  at  the  rear  end  of  the  projec- 
tile. The  width  of  the  channel  would  in- 
crease gradually  toward  the  rear  end  to 
allow  for  expansion  of  the  nitrogen.  A  valve 
could  be  placed  at  the  end  to  control  the 
release  of  nitrogen  before  and  during 
launch. 

This  work  was  done  by  Glen  A.  Robert- 
son of  Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-28323/TN. 
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Superconductor 


The  Meissner  Effect  would  compress  the 
magnetic  field  surrounding  the  rear  sur- 
face of  the  projectile,  creating  a  gradient 
of  magnetic  pressure  that  would  push  the 
projectile  forward. 
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Minimal-Inversion  Feedforward-and-Feedback  Control  System 

Three  control  subsystems  can  be  designed  independently  of  each  other. 


Recent  developments  in  the  theory  of 
control  systems  support  the  concept  of  a 
minimal-inversion  feedforward-and-feed- 
back  control  system  consisting  of  three  in- 
dependently designable  control  subsys- 
tems. The  concept  is  applicable  to  the  con- 
trol of  a  linear,  time-invariant  plant  de- 
scribed by  the  following  equations  of  state: 

*x(f)  =  Ax(f) +  flu(f);x(0)  =  0 
y(0  =  Cx(f)  +  Du(f) 
where  x  is  the  n  x  1  state  vector,  u  is  the 
m  x  1  input  vector,  y  is  the  rrfx  1  output 
vector,  and  A,  B,  C,  and  D  are  constant 
matrices  of  appropriate  dimensions.  The 
plant  is  assumed  to  be  controllable,  ob- 
servable, and  cyclic,  so  that  its  transfer- 
function  matrix  has  no  pole«zero  cancella- 
tions. 

The  developments  begin  with  the  simpli- 
fication of  the  inverse-transfer-function 
matrix,  followed  by  construction  of  a 
minimal-order-state-space  realization  of 
the  simplified  matrix.  The  poles  of  the  mini- 
mal-order inverse  have  been  shown  to  be 
the  transmission  zeros  of  the  system.  As  a 
result,  necessary  and  sufficient  conditions 
for  existence  and  stability  of  the  inverse 
system  can  be  stated  simply  in  terms  of  the 
zero  polynomial  of  the  original  system. 

The  related  problem  of  perfect  control  of 
the  output  variables;  namely,  matching  of 
commands  and  decoupling  of  disturb- 
ances by  means  of  feedforward  controll- 
ers, has  also  been  formulated  and  solved 
in  a  transfer-function  setting.  It  has  been 
shown  that  a  necessary  and  sufficient  con- 
dition for  existence  of  the  required  control- 
lers is  that  the  zero  polynomial  of  the  trans- 
fer function  of  the  plant  not  be  identical  to 
zero  or  unstable.  The  required  controllers 
are  realized  by  a  parallel  combination  of  a 
proportional-multiple-derivative  term  and  a 
dynamic  term,  where  the  order  of  the  dy- 
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The  Proposed  Control  System  would  include  three  controllers,  each  of  which  could  be 
designed  independently  of  the  others. 


namic  term  is  equal  to  the  number  of  trans- 
mission zeros  in  the  transfer  function  of  the 
plant. 

The  resulting  conceptual  system  in- 
cludes a  feedback  controller  to  enhance 
the  stability  and  robustness  of  the  system, 
a  feedforward  controller  to  ensure  match- 
ing of  commands,  and  another  feedfor- 
ward controller  to  decouple  disturbances 
(see  figure).  This  proposed  combination  of 
feedback  and  feedforward  controllers  has 
the  full  advantages  of  both  types  of  con- 
trollers. In  other  words,  the  stability  and 
robustness  offered  by  the  feedback  con- 
troller is  combined  with  the  output-control 
capabilities  of  the  feedforward  controllers 
in  a  single  control  scheme.  An  important 
feature  of  this  control  scheme  is  that  each 
controller  performs  only  its  own  specific 
task  and  has  no  effect  on  the  features  ob- 
tained by  the  other  controllers.  These  sep- 
arated and  yet  coordinated  controllers  can 


be  designed  independently  based  on  the 
open-loop  plant  and  then  integrated  in  the 
overall  control  scheme. 

One  interesting  feature  of  the  proposed 
system  is  that  the  feedback  controller  K(s) 
is  placed  entirely  in  the  forward  path  and 
acts  only  on  the  tracking  error  e.  This  is  dif- 
ferent from  the  classical  servomechanism 
configuration  in  which  the  feedback  con- 
troller is  partly  in  the  forward  path  acting  on 
the  position  error  and  partly  in  the  feed- 
back path  providing  velocity  damping.  The 
proposed  configuration  in  which  the  feed- 
back controller  K(s)  is  collocated  has  the 
main  advantage  that  the  design  of  K(s)  can 
be  carried  out  based  on  the  open-loop 
plant  and  independently  of  the  feedforward 
controllers  P(s)  and  Q(s). 

This  work  was  done  by  Homayuon 
Seraji  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory.  NPO-17701/TN 
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Numerical  Models  for  Control  of  Robots 

Kinematic  models  are  based  on  empirical  data. 


An  algorithm  develops  numerical  mod- 
els of  the  kinematics  of  robots  for  use  in 
directing  the  movements  of  the  robots.  The 
numerical  models  can  replace  the  analyti- 
cal or  iterative  models  used  commonly. 

While  analytical  models  describe  the 
movements  of  robots  by  algebraic  equa- 
tions and  iterative  models  do  so  by  suc- 
cessive approximations  that  home  in  on 
the  true  movements,  numerical  models 
simply  predict  movements  from  previous 
measurements  of  actual  movements.  Ana- 
lytical models  are  difficult  to  develop  and 
cannot  be  used  for  robots  that  are  not  wrist 
partitioned.  Iterative  models  can  be  used 
for  non-wrist-partitioned  robots,  but  they 
cannot  provide  the  data  needed  for  control 
of  the  relative  motion  and  velocity  of  end  ef- 
fectors. Iterative  models,  moreover,  de- 
mand large  computational  capacities. 

Both  analytical  and  iterative  models 
yield  solutions  for  ideal  robots.  Real  robots, 
however,  depart  from  ideal  behavior:  in- 
evitably, they  embody  manufacturing  and 
design  errors,  and  their  linkages  are  not 
rigid  but  flex  when  loads  are  applied.  Such 
deviations  from  the  ideal  are  too  complex 
to  be  included  in  these  models. 

The  numerical  models  developed  by  the 
new  algorithm,  in  contrast,  transcend  man- 
ufacturing and  design  errors  because  they 
are  based  on  empirical  data.  No  assump- 


tions are  made  about  the  geometrical 
properties  of  a  given  robot.  For  the  same 
reason,  the  numerical  model  of  a  robot  is 
unaffected  by  flexure  —  a  factor  that  can 
introduce  large  errors  in  conventional 
models  if  the  robot  is  very  large.  The  ef- 
fects of  loads  are  simply  included  in  the 
numerical  model  of  the  robot,  with  loads  as 
independent  variables.  In  a  similar  manner, 
the  algorithm  can  compensate  for  thermal 
contraction  and  expansion  of  links  and 
joints  by  including  the  effect  of  tempera- 
ture in  the  model  and  temperature  as 
another  independent  variable.  In  addition, 
it  readily  produces  the  partial  differential 
equations  needed  for  relative-motion  com- 
mands and  control  of  velocity  if  the  robot  is 
not  wrist  partitioned. 

Numerical  models  from  the  new  algo- 
rithm were  generated  by  B-spline  fits  to 
joint-coordinate  data  for  two  quite  different 
robots  —  NASA's  protoflight  manipulator 
(PFMA)  and  Stanford  University's  robot 
manipulator.  These  models  were  analyzed 
in  a  computer  simulation.  The  model  of  the 
PFMA  was  found  to  be  accurate  within 
thousandths  of  a  degree,  and  that  of  the 
Stanford  machine  within  hundredths  of  a 
degree.  For  both  models,  the  maximum  er- 
ror in  the  position  of  the  end  effector  was 
less  than  0.085  mm. 

The  data  for  the  models  must  be  meas- 


ured by  digital  theodolites,  laser-based  in- 
struments, or  other  highly-accurate  meas- 
uring equipment.  Rented  equipment  can 
be  used  for  the  measurements,  inasmuch 
as  new  data  are  needed  only  when  the 
characteristics  of  a  robot  change  signifi- 
cantly —  from  wear  or  an  accident,  for  ex- 
ample. 

This  work  was  done  by  Mary  S. 
Waggener  of  Advanced  Control  Tech- 
nologies, Inc.,  for  Marshall  Space  Flight 
Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-28360/TN. 
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Preloaded  Composite-Strut/End-Fitting  Joint 

This  strong,  lightweight  joint  would  resist  loosening. 


A  proposed  structural  joint  between  a 
composite  (e.g.,  graphite-fiber/epoxy)  strut 
and  a  metal  end  fitting  would  be  strong  and 
light  in  weight.  The  joint  would  be  config- 
ured to  distribute  stresses  fairly  uniformly, 
with  little  interlaminar  stress.  The  joint 
would  resist  loosening  under  reversals  of 
loads  and  changes  in  temperature. 

The  joint  would  be  integral  with  the  strut, 
which  is  a  round  composite  tube.  The  met- 
al fitting  would  be  tapered  about  6°  and 
would  include  exterior  grooves  that  would 
resemble  Acme  threads  except  that  they 
would  have  rounded  corners  and  fillets. 
The  fitting  would  also  have  longitudinal 
slots  to  allow  a  small  amount  of  radial 
deflection  for  preloading  and  for  relief  of 
thermal  stresses  (see  figure). 

The  strut  and  joint  would  be  made  simul- 
taneously in  a  layup  process.  Starting  from 
the  extreme,  inner-radius  end  of  the  fitting 
(the  left  end  of  the  fitting  in  the  figure),  the 
composite  tube  would  be  built  up  in  suc- 
cessive layers  that  would  extend  into  the 
grooves.  Thus,  when  completed,  the  joint 
would  transmit  loads  in  almost  the  same 
manner  as  that  of  a  toothed  belt  and  pulley 
used  to  transmit  power.  The  joint  would  be 
covered  by  a  high-tension-filament  over- 
wrap. 

The  composite  material  would  be  cured 
at  625  °F  (329  °C).  To  provide  for  a  preload 
and  to  prevent  loosening  that  would  other- 
wise be  caused  by  differential  thermal  ex- 
pansion and  contraction  between  the  met- 
al and  the  composite  material,  the  end  of 


Overwrap 


SECTION  AA 
PRELOADED  STRESS  PATTERN 

The  Composite-Strut/Metal-Fitting  Joint  would  be  built  up  integrally  with  the  strut  in  a  layup 
process.  The  joint  would  remain  tight  under  reversals  of  loads  and  changes  in  temperature. 


the  metal  fitting  would  be  compressed  be- 
fore layup  by  a  tooling  ring  or  by  part  of  the 
mandrel  used  to  form  the  strut.  The  tooling 
ring  or  mandrel  would  be  coated  with  a 
mold-release  material  so  that  it  would  not 
become  bonded  during  the  cure.  After  the 
cure,  the  tooling  ring  or  mandrel  would  be 
removed,  and  the  resulting  springback  of 
the  metal  fitting  would  apply  some  preload. 


The  final  component  of  preload  would  be 
applied  by  inserting  a  tapered  ring  in  the  fit- 
ting to  expand  the  slotted  segments. 

This  work  was  done  by  Dean  S. 
Monitor  of  Martin  Marietta  Corp.  for 
Marshall  Space  Flight  Center. 
MFS-28339/TN 
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Probabilistic  Determination  of  Motions  of  Robots 

A  heuristic-path-planner  method  has  potential  to  reduce  computing  time. 


A  heuristic  path-planning  algorithm  is  a 
subject  of  continuing  research  on  proba- 
bilistic methods  for  guiding  the  motions 
of  robots.  The  probabilistic  approach  is 
motivated  by  the  need  to  reduce  the  com- 
putational burden  imposed  by  the  exact 
approach,  in  which  motion  is  typically  de- 
termined by  searching  a  graph  of  a  deter- 
ministic representation  of  free  configura- 
tion space  available  to  a  robot.  The  exact 
approach  is  practical  only  if  the  environ- 
ment is  static,  if  there  are  few  degrees  of 
freedom,  if  long  motion-planning  times  are 
acceptable,  and  if  fast  computing  resourc- 
es are  available. 

In  the  heuristic  path-planning  algorithm, 


the  probability  of  successful  motion  of  a 
robot  through  a  region  of  space  is  obtained 
from  a  geometric  model  and  captures  the 
effects  of  objects  in  the  region  and  the  kin- 
ematics of  the  robot  arm.  This  information 
is  used  to  guide  an  on-line  search  and  re- 
sults, in  most  cases,  in  the  successful  de- 
termination of  a  path  within  a  reasonably 
short  time. 

The  method  embodied  in  the  algorithm 
can  be  regarded  as  a  search  method  in 
which  each  robot  link  tries  to  move  along 
multiple  paths  in  the  attempt  to  move  the 
whole  robot  arm  toward  the  goal.  In  a  proc- 
ess reminiscent  of  diffusion,  the  motion  of 
each  link  is  influenced  by  a  gradient  term 


that  attracts  the  arm  to  the  goal  and  repels 
it  from  the  vicinity  of  any  given  object  (the 
presence  of  which  could  be  detected  by 
sensors).  The  gradient  term  is  associated 
with  a  distribution  of  motion-transition 
probabilities,  which  are  conditional  proba- 
bilities determined  by  obstacles  and  by'the 
kinematics  of  the  robot  arm.  Thus,  the  algo- 
rithm can  also  be  regarded  as  a  Monte 
Carlo  approach  to  the  solution  of  an  equa- 
tion for  diffusion. 

This  work  was  done  by  J.  Balaram  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO- 1 7738/TN 
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Propagation  of  Pulse 
Vibrations  in 
Large  Structures 

Dispersion,  damping,  and 
confinement  are  studied. 

A  study  yields  new  insights  into  the  prop- 
agation of  pulse-excited  vibrations  in  large, 
complicated  structures.  Special  attention 
is  paid  to  the  dispersion,  damping,  and  trap- 
ping of  pulses.  The  understanding  of  these 
effects  can  help  such  endeavors  as  de- 
signing tall,  thin  buildings  to  resist  high 
winds  and  earthquakes. 

A  conventional  finite-dimensional  math- 
ematical model  of  a  structure  may  not 
represent  adequately  the  high-frequency 
components  of  vibrational  response.  Con- 
sequently, in  this  study,  the  response  to  a 
pulse  excitation  (which  has  considerable 
high-frequency  content)  is  represented  by 
a  system  of  small-amplitude  pulses  propa- 
gating as  characteristic  waves.  The  dy- 
namics of  these  pulses  are  represented  by 
linear  equations  with  delay  arguments, 
which  equations  complement  the  conven- 
tional finite-dimensional  model. 

The  dynamical  equations  are  put  in  the 
customary  matrix  form,  and  the  general 
form  of  the  numerical  solution  is  written  in 
closed  form  in  terms  of  the  excitations.  The 
responses  to  pulse  excitations  are  also 
studied  analytically  with  the  help  of  z  trans- 


forms. Periodic,  quasi-periodic,  and  non- 
quasi-periodic  excitations  are  represented 
by  sums  of  pulses  with  various  finite  or  in- 
finite numbers  of  terms  with  various  com- 
mensurate or  incommensurate  delays  be- 
tween them. 

These  techniques  of  analysis  are  illus- 
trated by  applying  them  to  structures  ex- 
cited by  harmonically  repeated  pulses.  It  is 
shown  that  the  vibrational  responses  of  the 
structures  qualitatively  resemble  the  mod- 
al responses  to  sinusoidal  excitations.  The 
resemblance  disappears  and  new  phenom- 
ena emerge  in  the  presence  of  nonperiodic 
excitations.  For  example,  when  there  are 
certain  similarities  between  the  nonperiod- 
ic excitations  and  the  nonperiodic  proper- 
ties of  the  structures,  resonances  can  oc- 
cur. 

The  study  reaches  three  main  conclu- 
sions that  are  particularly  relevant  to  the 
design  of  structures  that  can  resist  dam- 
age when  excited  by  pulses: 
1 .  Propagating  pulses  are  dispersed  by 
such  structural  irregularities  as  joints  be- 
tween members  of  unequal  length.  The 
effect  of  dispersion  is  related  to  the  loss  of 


periodicity  of  pulse  motion.  A  pulse  is  split 
irreversibly  when  it  passes  such  a  joint. 

2.  Pulses  can  be  damped  by  appropriate 
combinations  of  elastic  and  dissipative 
properties  of  joints.  There  is  an  optimal 
relationship  between  these  two  proper- 
ties that  provides  the  most  effective 
damping. 

3.  The  nonsymmetrical  properties  of  joints 
can  be  exploited  to  obtain  a  pulse-trap- 
ping effect  that  can  protect  a  structure. 
More  specifically,  the  reflection  and 
transmission  coefficients  for  waves  com- 
ing from  one  side  of  a  joint  are  different 
from  those  for  waves  coming  from  the 
other  side.  An  appropriate  selection  of 
these  coefficients  leads  to  localization  of 
pulses  within  certain  parts  of  the  struc- 
ture, where  they  can  be  damped  later. 
This  work  was  done  by  Michail  Zak  of 

Caltech  for  NASA's  Jet   Propulsion 
Laboratory.  "Dispersion,  Damping  and 
Confinement  of  Propagating  Pulses  in 
Large  Space  Structures." 
NPO-17559/TN 
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Prototype  V-Groove 
Radiator  Heat  Shield 

A  space-saving  unit  has  been 
designed  and  tested. 

A  report  describes  design,  fabrication, 
and  testing  of  a  heat  radiator  equipped  with 
a  multi-V-groove  radiator  heat  shield.  The 
device  is  a  compact,  efficient  structure  in- 
tended to  remove  heat  from  infrared  de- 
tectors, gamma-ray  detectors,  and  similar 
instruments  aboard  the  Mars  Observer 
spacecraft  and  radiate  that  heat  into  outer 
space.  It  is  designed  to  maintain  a  detector 
for  a  gamma-ray  spectrometer  at  a  tem- 
perature of  80  K  in  a  cold  vacuum  under  a 
heat  load  of  80  mW. 

The  prototype  multiple  V-groove  shields 


are  made  of  aluminum,  though  the  produc- 
tion shields  would  be  made  of  aluminized 
sheets  of  polyethylene  terephthalate.  The 
shields  surround  the  cold-stage  radiator 
plate,  protecting  the  stage  from  heat  ra- 
diated toward  it  from  the  sides. 

A  thermal-analysis  mathematical  model 
was  used  to  size  the  radiator,  specify  the 
types  and  quality  of  the  thermal  coatings 
and  finishes,  select  the  number  of  shields, 
and  determine  the  thermal  parameters  for 
the  support  system.  The  model  was  also 
used  to  predict  the  temperatures  of  the  as- 


sembly in  orbit  about  Mars.  The  assembly, 
including  a  1.7  kg  mockup  of  the  detector 
assembly,  was  successfully  vibration- 
tested  to  the  Mars  Observer  orbit  specifi- 
cations. 

This  work  was  done  by  S.  Walter 
Petrick  and  Steven  Bard  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
"Design,  Fabrication,  and  Dynamic 
Testing  of  a  V-Groove  Radiator 
Mechanical  Development  Unit." 
NPO-17744/TN 
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Rubbing  Between 
Rotors  and  Stators 

Dynamical  effects  that 
damage  turbomachinery 
are  described. 

A  report  describes  experimental  and  nu- 
merical-simulation studies  of  the  dynami- 
cal effects  of  rubbing  between  rotors  and 
stators  in  turbomachinery.  The  purpose  of 
this  study  was  to  gain  improved  under- 
standing of  such  rubbing  phenomena,  with 
a  view  toward  (1)  contributing  to  tech- 
niques for  the  diagnosis  of  rubbing  (e.g.,  via 
the  analysis  of  vibrations),  (2)  predicting 
more  accurately  the  limiting  operating  con- 
ditions (e.g.,  maximum  rotational  speeds 
and  loads),  and  (3)  improving  design  crite- 
ria to  prevent  rubbing  damage  in  high-per- 
formance rotating  machinery. 

The  studies  were  concerned  with  two 
machines:  one  that  simulated  the  high- 
pressure-fuel  turbopump  (HPFTP)  of  the 
main  engine  of  the  Space  Shuttle;  and  a 
smaller,  simpler,  two-bending-mode-rotor 
rig  designed  for  more  generic  studies  of 
rubbing.  The  experiments  on  these  ma- 
chines produced  a  wide  array  of  results, 
confirming  the  richness  of  rotor-to-stator- 
rubbing  phenomena.  Some  of  the  observed 
phenomena,  such  as  fluid-induced  instabil- 
ities and  internal-friction  instability,  were 
not  correlated  with  rubbing. 

The  influences  of  several  factors  upon 
the  responses  of  rotating  systems  were  in- 
vestigated. The  main  focus  was  on  the 
lateral  vibrational  responses  modified  by 
rubbing  of  the  rotor  against  the  stator.  The 
emphasis  was  on  the  vibrational  modes  of 


lowest  order  because  these  modes  are  im- 
portant in  the  dynamics  of  rotors.  Of  the 
factors  and  parameters  that  affect  the  rub- 
related  dynamics  of  rotors,  the  two  most 
thoroughly  investigated  were  the  speed  of 
rotation  relative  to  the  spectrum  of  natural 
vibrational  frequencies,  and  the  radial  pre- 
load force.  It  was  shown  that  the  patterns 
of  rotor  vibrations  vary  with  the  values  of 
these  parameters.  Other  factors  that  were 
studied  included  the  materials,  surface  fin- 
ishes, and  hardnesses  of  the  rubbing  ele- 
ments; unbalance  in  the  rotor;  the  geome- 
try of  the  rubbing  area  of  the  stator;  and 
rubbing  at  several  axial  locations. 

The  report  contains  16  chapters  and  3 
appendixes.  Chapter  1  is  an  introduction. 
The  second  chapter  reviews  the  literature 
on  rotor/stator  rubbing.  The  third  chapter 
provides  a  more  specific  characterization 
of  rubbing.  Chapter  4  describes  the,  initial 
design  assumptions  and  data  for  the 
HPFTP-simulating  test  rig.  Chapter  5  sum- 
marizes the  results  of  tests  of  bearings 
used  to  simulate  interstage  seals.  Chap- 
ters 6  and  7  describe  the  HPFTP-simulat- 
ing rig  and  some  preliminary  experimental 
results  from  the  use  of  it,  respectively. 

Chapter  8  presents  the  results  of  meas- 
urements of  dry  friction  and  analysis  of  the 
surface-damaging  effects  of  rubbing.  Chaf> 
ters  9  and  10  describe  the  two-bending- 
mode  test  rig  and  the  experimental  results 


obtained  with  it,  respectively.  Chapter  11 
presents  the  mathematical  model  of  the 
rubbing  rotator/bearing/seal/stator  system. 
Chapter  12  presents  the  results  of  tests  on 
the  HPFTP-simulating  rig.  Chapter  13  de- 
scribes the  results  of  experiments  on  rotor- 
to-stator  rubbing  contact  in  the  two-bend- 
ing-modetest  rig.  Chapter  14  describes  the 
computer  code  for  the  simulation  of  the  dy- 
namic responses  of  the  rotor-to-stator  rub- 
bing system.  Chapter  15  presents  some  of 
the  computer-generated  results. 

Chapter  16  presents  conclusions  —  in- 
cluding a  discussion  of  the  influence  of  rub- 
bing on  the  dynamics  of  rotating  machin- 
ery, of  the  prevention  of  rubbing,  and  of  the 
use  of  vibration-measuring  and  data-proc- 
essing instrumentation  —  and  hints  on  the 
diagnosis  of  rubbing.  Appendix  1  presents 
data  from  HPFTP  hot-fire  tests.  Appendix  2 
is  a  conference  paper  that  includes  results 
of  the  rotor/stator-rubbing  study.  Appendix 
3  contains  information  on  the  electronic  in- 
strumentation used  in  the  experiments. 

This  work  was  done  by  Agnes 
Muszynska,  Donald  E.  Bently,  Wesley  D. 
Franklin,  Robert  D.  Hayashida,  Lori  M. 
Kingsley,  and  Arthur  E.  Curry  of  Bently 
Nevada  Corp.  for  Marshall  Space  Flight 
Center.  "Influence  of  Rubbing  on  Rotor 
Dynamics. ' '  MFS-27226/TN 
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Simulated  Hypersonic 
Flows  About  a  Blunt  Body 

Unsteady  and  steady  flows 
are  compared. 

A  report  describes  a  computer  numeri- 
cal study  of  two-dimensional ,  unsteady,  vis- 
cous, hypersonic  flows  of  air  about  a  blunt 
body  with  an  impinging  shock.  This  kind  of 
flow  represents  many  practical  phenome- 
na; for  example,  the  interaction  of  the  fluc- 
tuating bow  shock  of  a  hypersonic  airplane 
with  the  shocks  of  the  leading  edge  of  a 
wing  or  of  the  lip  of  the  cowl  at  the  inlet  to 
the  engine.  Such  interactions  give  rise  to 
complicated,  moving  shock-on-shock  pat- 
terns. 

The  two-dimensional  body  consists  of  a 
circular  cylinder  that  caps  a  planar  slab. 
The  flow  is  represented  by  the  unsteady, 
thin-layer,  Navier-Stokes  equations  for  a 
perfect  gas  with  laminar  boundary  layer. 
The  unsteady  interaction  is  represented  by 
the  downward  motion,  at  constant  speed, 
of  the  impinging  shock  across  the  bow 
shock  of  the  body.  The  Navier-Stokes  equa- 
tions are  incorporated  into,  and  solved  by,  a 
high-resolution,  implicit,  second-order- 


accurate  (in  time  and  space),  total-varia- 
tion-diminishing algorithm  that  was  devel- 
oped for  transonic  and  supersonic  flows 
and  was  extended  recently  to  hypersonic 
and  equilibrium  real-gas  flows. 

Previous  studies  have  shown  that  in 
steady  flows,  various  kinds  of  shock  inter- 
actions occur,  depending  on  the  freestream 
conditions  and  the  angles  and  locations  of 
impingement  of  shocks.  Experimental  data 
on  steady  supersonic  flows  have  led  to  the 
identification  of  six  different  types  of  in- 
teractions, denoted  as  types  I  through  VI. 
The  present  numerical  simulations  of 
unsteady  hypersonic  flows  predict  shock 
interactions  similar  to  those  observed  in 
the  steady  supersonic  flows.  However,  in 
these  simulations,  the  peak  surface  pres- 
sures do  not  seem  to  occur  during  the 
Type-IV  interaction  as  they  do  in  the  steady 
supersonic  flows.  The  significance  of  this 
fact  is  that  the  Type-Ill  interaction  occurs 
over  a  range  of  angles  and  positions  of  im- 


pingement of  shocks  much  broader  than 
the  range  for  the  Type-IV  interaction.  Also, 
the  details  within  the  shock  layer  differ  ap- 
preciably. For  example,  boundary-layer 
separation  and  transient  supersonic  jets 
flowing  parallel  to  the  surface  of  the  blunt 
body  occur  in  the  unsteady,  but  not  in  the 
steady,  shock  interactions. 

This  work  was  done  by  P.  Kutler  and  H. 
C.  Yee  of  Ames  Research  Center  and  G. 
H.  Klopfer  of  NEAR,  Inc.  Further  informa- 
tion may  be  found  in  NASA  TM-100096 
[N88-22650],  Price  Code:  A02 
"Numerical  Study  of  Unsteady  Viscous 
Hypersonic  Blunt  Body  Flows  With  an  Im- 
pinging Shock. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  maybe 
placed  for  an  extra  fee  by  calling  (800) 
336-4700.  ARC-12251/TN 
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Steel  Foil  Improves  Performance  of  Blasting  Caps 

Performance  is  five  times  that  of  standard  blasting  caps. 


Licensing 
Opportunity 


Blasting  caps,  which  commonly  include 
deep-drawn  aluminum  cups,  can  give  sig- 
nificantly higher  initiation  performance  by 
application  of  steel  foils  on  the  output 
faces.  Past  research  sponsored  at  the 
NASA  Langley  Research  Center  on  initia- 
tion of  explosives  across  hermetically 
sealed  interfaces  was  applied  to  common 
blasting  caps  to  determine  whether  per- 
formance could  be  improved  inexpensive- 
ly. The  explosive-transfer  variables  studied 
in  that  research  are  summarized  in  the  fig- 
ure. 

The  most  significant  variable  was  found 
to  be  the  closure-fragment  energy  (E  = 
Vt  mV2).  The  capability  for  initiation  was 
assessed  by  increasing  the  airgap  be- 
tween the  donor  and  acceptor.  At  gaps  ap- 
proximately 0.25  in.  (6.4  mm)  or  more,  the 
gaseous  energy  is  dissipated  and  does  not 
contribute  to  initiation.  Steel  closures  0.005 
in.  (0.13  mm)  thick  proved  to  be  more  effec- 
tive than  aluminum  ones  were.  The  density 
of  steel  is  about  three  times  that  of  alumi- 
num, and  steel  fragments  are  larger  than 
those  produced  by  aluminum  cups.  Alumi- 
num cups  disintegrate  in  explosions  into 
very  small  particles. 

Recently,  experiments  were  conducted 
on  an  aluminum-shelled  blasting  cap  (2- 
grain  PETN  output)  to  determine  whether 
performance  could  be  improved.  Steel  foils 
with  a  thickness  of  0.005  in.  (0.13  mm)were 
first  bonded  directly  to  the  curved  end  of 
the  blasting  cap  and  then,  to  maintain  a  flat 
surface,  across  a  port  in  an  aluminum 
block  containing  the  blasting  cap.  Perfor- 
mance was  evaluated  by  measuring  the 
velocities  of  the  fragments  produced,  by  ob- 
taining patterns  of  fragments  in  transparent 
polymer  witness  blocks,  and  by  determin- 
ing the  maximum  gap  at  which  the  blasting 
cap  could  initiate  an  explosion  in  a  0.156-in. 
(3.96-mm)-diameter  HNS  explosive  ac- 
ceptor in  a  0.005-in.  (0.13-mm)-thick  steel 
cup.  The  greater  the  gap,  the  greater  the 
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The  Most  Significant  Variable  is  the  closure-fragment  energy. 


demonstrated  initiation  capability  of  the 
donor. 

Experimental  results  showed  that  the 
unmodified  blasting  caps  produced  frag- 
ments with  velocities  of  14,000  ft/s  (4.3 
km/s)  and  very  small,  scattered  impres- 
sions in  the  witness  blocks.  The  blasting 
cap  initiated  an  explosion  of  the  acceptor 
explosive  at  a  maximum  gap  of  0.25  in.  (6.4 
mm).  The  blasting  caps  with  the  directly 
bonded  steel  foil  produced  fragment  veloc- 
ities of  9,300  ft/s  (2.8  km/s)  with  large 
craters  and  unpredictable  patterns  to  such 
a  degree  that  no  attempts  were  made  to  in- 
itiate explosions. 

The  blasting  caps  bonded  into  alumi- 
num blocks  with  flat  steel  foils  on  the  output 
faces  produced  fragments  with  velocities 
of  10,500  ft/s  (3.2  km/s)  with  large,  predict- 
ably located  craters.  The  maximum  gap  for 
initiation  of  an  explosion  in  an  acceptor 
was  1.25  in.  (31.8  mm).  Flat  steel  foil  bond- 
ed to  the  face  of  a  blasting  cap  perpendicu- 
lar to  its  axis  improves  the  performance  of 
the  cap  by  a  factor  of  5  over  that  of  a  stand- 
ard blasting  cap.  This  improved  perform- 
ance should  be  useful  in  military  and 
aerospace  applications  and  in  such  spe- 


cialized industries  as  mining  and  explora- 
tion for  oil. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research 
Center.  Refer  to  LAR-13832/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Testing  Bearing  Balls  for  Ignition  in  Liquid  Oxygen 

Balls  are  heated  in  flowing  liquid  oxygen  to  simulate  behavior  in  turbomachinery. 


An  inexpensive,  safe  apparatus  has 
been  built  to  test  cooling  by,  ignition  in,  and 
nucleate  boiling  to  film  boiling  of  liquid  oxy- 
gen flowing  around  ball  bearings.  The  ap- 
paratus provides  for  the  heating  of  bearing 
specimens,  direct  observations,  and  meas- 
urements of  temperatures  and  tempera- 
ture distributions  by  thermocouples  and  in- 
frared sensors.  It  is  used  to  evaluate  the 
suitability  of  various  materials  and  surface 
treatments  for  ball  bearings  in  high-pres- 
sure liquid-oxygen  turbopumps. 

In  the  apparatus,  a  specimen  ball  is  held 
on  the  axis  of  a  pipe  (see  figure).  A  gland  fit- 
ting seals  the  pipe  during  tests  and  allows 
access  to  the  fixture  for  the  insertion  and 
removal  of  specimens.  Copper  electrodes 
pass  through  holes  in  the  gland  fitting  to 
make  contact  with  the  specimen.  Four  ther- 
mocouples are  embedded  in  the  ball,  and 
the  thermocouple  leads  are  brought  out 
through  an  axial  hole  in  the  upper  elec- 
trode. 

During  a  test,  liquid  oxygen  at  a  pres- 
sure up  to  800  lb/in.2  (5.5  MPa)  flows  along 
the  pipe  and  around  the  specimen  while  a 
current  of  up  to  4,000  A  in  the  copper  elec- 
trodes heats  the  specimen.  A  viewer  can 
observe  the  flow  and  boiling  of  the  liquid  ox- 
ygen and  the  ignition  of  the  ball  through  a 
port  extending  at  an  angle  from  the  pipe. 
Alternatively,  an  infrared-sensing  device 
can  be  positioned  at  the  port  to  map  the 
distribution  of  temperature  on  the  surface 
of  the  ball.  Meanwhile,  the  thermocouples 
provide  a  record  of  the  temperature  at 
points  in  the  ball  before,  during,  and  after 
boiling  and  ignition. 

By  reversing  the  direction  of  flow  of  the 
liquid  oxygen,  one  can  observe  either  the 
upstream  or  downstream  side  of  the  ball. 
The  thermocouples  can  be  positioned  be- 
fore the  test  by  rotation  of  the  ball  to  the  de- 
sired orientation. 

This  work  was  done  by  William  R. 
Wagner,  Constantine  Peroulias,  and  Louis 
H.  Pidcoke  of  Rockwell  International  Corp. 
for  Marshall  Space  Right  Center  No  fur- 
ther documentation  is  available. 
MFS-29410/TN 
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VIEW  FROM  SIDE 


The  Ball  Rests  In  the  Fixture  while  liquid  oxygen  flows  around  it.  The  flow  can  be  reversed  so 
that  an  observer  or  an  infrared  sensor  can  view  the  phenomena  on  the  trailing  or  leading  side 
of  the  ball.  The  ball  shown  here  is  1  in.  (2.54  cm)  in  diameter  and  is  made  of  440C  stainless 
steel. 
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Transport  of  Passive 
Scalars  in  a  Turbulent 
Channel  Flow 

Computer  simulation  shows 
flow  structures  and 
statistical  properties. 

A  computer  simulation  of  the  transport 
of  passive  scalars  in  a  turbulent  channel 
flow  is  described  in  a  report.  As  used  here, 
"passive  scalars"  means  scalar  quantities 
like  fluctuations  in  temperature  or  concen- 
trations of  contaminants  that  do  not  disturb 
the  flow  appreciably.  The  transport  of  heat 
and  contaminants  in  turbulent  flows  is  im- 
portant in  engineering.  Examples  include 
the  transport  of  heat  in  heat  exchangers, 
gas  turbines,  and  nuclear  reactors  and  the 
dispersal  of  pollution  in  the  atmosphere. 

in  general,  a  turbulent  flow  field  causes 
fluctuations  in  a  scalar  field  through  tur- 
bulent convection,  whereas  the  fluctuating 
scalar  field  influences  the  velocity  field 
through  mean  gradients  and  changes  in 
density.  However,  for  small  differences  in 
temperature  or  small  concentrations  of 
contaminants,  the  turbulent  velocity  field 
drives  the  scalar  field,  and  the  influence  of 
the  latter  on  the  former  is  rather  weak  and 
can  be  neglected.  In  such  a  case,  a  pas- 
sive scalar  field  can  be  determined  inde- 
pendently by  solving  the  conservation 
equation  of  the  passive  scalar  for  a  given 
turbulent  velocity  field. 

In  this  study,  the  three-dimensional 
Navier-Stokes  equations  of  flow  and  the 


equations  for  the  passive  scalar  fields  were 
solved  simultaneously  by  a  finite-differ- 
ence method  on  a  grid  of  128  points  along 
the  channel  (x  direction)  and  129x128 
points  across  the  channel  (y  and  z  direc- 
tions, respectively).  The  Reynolds  numbers 
were  3,300,  based  on  the  mean  velocity  at 
the  centerline  and  the  half  width  of  the 
channel,  and  180,  based  on  the  wall  shear 
velocity  and  the  half  width  of  the  channel. 
A  spectral  method  —  Fourier  series  in 
the  x  and  y  directions  and  Chebyshev 
polynomial  expansion  in  the  z  direction  — 
was  used  for  spatial  derivatives.  The  ad- 
vancement in  time  was  made  by  a  semi- 
implicit  method:  the  Crank-Nicolson 
scheme  for  viscous  terms  and  the  Adams- 
Bashforth  method  for  the  nonlinear  terms. 
No  subgrid-scale  model  was  used  inas- 
much as  the  grid  was  fine  enough  to  re- 
solve all  the  essential  turbulent  scales. 
Once  the  velocity  field  was  advanced  for 
each  time  step,  the  corresponding  scalar 
fields  were  obtained  by  integrating  the 
equations  of  transport  of  the  scalars,  which 
include  convective,  diffusive,  and  source 
terms.  The  computations  were  carried  out 
until  the  passive  scalar  fields  reached 
statistically  steady  states.  The  initial  veloci- 


ty field  was  taken  from  a  previous  calcula- 
tion in  which  the  velocity  field  already  had 
reached  a  statistically  steady  state. 

The  numerical  simulation  was  carried 
out  with  three  passive  scalars  at  different 
molecular  Prandtl  numbers.  Computed 
statistics  including  the  turbulent  Prandtl 
numbers  were  compared  with  experimen- 
tal data.  The  computed  fields  were  also  ex- 
amined to  investigate  the  spatial  structures 
of  the  scalar  fields.  The  scalar  fields  were 
found  to  be  highly  correlated  with  the 
streamwise  velocity:  the  coefficient  of  cor- 
relation between  the  temperature  and  the 
streamwise  velocity  was  as  high  as  0.95  in 
the  wall  region.  The  joint  probability  distri- 
butions between  the  temperature  and  ve- 
locity fluctuations  were  also  examined  and 
were  of  a  form  that  suggests  that  it  might 
be  possible  mathematically  to  model  the 
scalar  fluxes  in  the  wall  region  in  a  manner 
similar  to  that  of  the  Reynolds  stresses. 

This  work  was  done  by  John  Kim  and 
Parviz   of   Ames    Research    Center. 
"Transport   of  Passive   Scalars   in   a 
Turbulent  Channel  Flow." 
ARC-12109/TN 
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Two-Phase  Accumulator 

Liquid  and  vapor  are  used  to  regulate  temperature  and  pressure. 


A  two-phase  accumulator  maintains  the 
pressure  and  temperature  in  a  thermal-bus 
system  within  a  predetermined  range  dur- 
ing variations  in  the  heat  load  on  the 
system.  The  thermal-bus  system  can  be 
used  to  dispose  of  waste  heat,  such  as  that 
from  electronic  equipment  or  a  power- 
plant. 

If  the  heat  load  decreases,  the  accumu- 
lator increases  the  level  of  liquid  in  a  heat- 
rejection  condenser,  reducing  the  contact 
area  for  vapor  and  thereby  also  reducing 
the  thermal  conductance  of  the  condenser 
and  the  amount  of  heat  it  transfers  from  the 
system.  Conversely,  if  the  heat  load  in- 
creases, the  accumulator  withdraws  liquid 
from  the  condenser,  increasing  its  contact 
area  for  vapor,  its  conductance,  and  its 
heat-transfer  rate.  The  accumulator  thus 
stabilizes  the  temperature  and  pressure 
within  the  system. 

In  a  demonstration  system  in  which  am- 
monia is  the  working  fluid  (see  figure),  any 
set-point  temperature  between  31  and 
104  °F  ( -  0.6  and  +  40  °C)  can  be  entered 
into  a  programmable-logic  controller.  By 
monitoring  the  pressure  at  the  vapor  inlet 
to  the  condenser  and  sending  either  sub- 
cooled  ammonia  liquid  or  vapor  to  the  ac- 
cumulator, depending  on  whether  the 
pressure  is  high  or  low,  the  controller  gets 
the  accumulator  to  withdraw  liquid  from,  or 
add  liquid  to,  the  condenser.  It  thus  keeps 
the  temperature  of  the  vapor  within 
±  4.5  °F  ( ±  2.5  °C)  of  the  set-point  temper- 
ature. 

When  the  temperature  rises  above  the 
deadband  allowance,  as  indicated  by  a 
corresponding  rise  in  the  monitored  pres- 
sure, the  controller  opens  a  solenoid  valve 
(valve  1  in  the  figure)  to  spray  subcooled 
liquid  from  the  condenser  into  the  vapor  in 
the  accumulator.  Because  the  liquid  drops 
are  cooler  than  the  vapor,  the  vapor  con- 
denses on  them,  creating  a  partial  vacuum 
that  draws  liquid  into  the  accumulator  trom 
the  condenser.  Although  some  liquid  also 


Liquid 


The  Accumulator  Stores  Liquid  and  Vapor  Ammonia.  It  exchanges  liquid  ammonia  with  the 
condenser  to  adjust  the  level  of  liquid  in  the  condenser.  The  prototype  accumulator  has  a  ca- 
pacity of  13  gallons  (49  liters). 


f  lows  out  of  the  accumulator  to  make  room 
for  the  inflowing  liquid,  the  condensation 
results  in  a  net  inflow. 

When  the  monitored  pressure  drops  be- 
low the  allowable  deadband,  the  controller 
opens  valve  2,  admitting  liquid  to  a  vapor- 
izer block.  The  block  heats  the  liquid,  va- 
porizing it  as  it  flows  into  the  accumulator. 
Vapor  pressure  builds  up  in  the  accumula- 
tor, forcing  liquid  out  of  it  and  into  the  con- 
denser. 

The  two-phase  accumulator  offers  im- 
portant advantages  over  other  proposed 
systems.  For  example,  an  accumulator  in 
which  a  metal  bellows  ejects  or  draws  in 
the  ammonia  on  demand  may  be  subject 
to  leakage  of  its  nitrogen  pressurizing  gas 
and  to  failure  of  the  bellows.  An  electrome- 
chanical accumulator,  in  which  an  electric 


motor  actuates  a  piston  to  drive  the  liquid, 
is  likely  to  be  mechanically  complex  and 
potentially  unreliable. 

The  two-phase  accumulator  is  simple 
and  highly  reliable.  The  only  moving  parts 
are  the  two  solenoid  valves,  which  could 
be  combined  into  a  single  three-way  sole- 
noid valve.  The  two-phase  accumulator  re- 
sponds quickly,  restoring  pressure  and 
temperature  to  the  proper  values  within 
minutes.  It  is  low  in  cost  and  requires  little 
further  development. 

This  work  was  done  by  Charles  E. 
Kalb,  Robert  L.  Kosson,  Joseph  P.  Alario, 
Richard  F.  Brown,  and  Fred  Edlestein  of 
Grumman  Corp.  for  Johnson  Space 
Center. 
MSC-21464/TN 
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Wrapped  Wire  Detects  Rupture  of  Pressure  Vessel 

Breakage  or  burning  of  wire  triggers  a  shutdown. 


A  simple  and  inexpensive  technique 
helps  to  protect  against  damage  caused 
by  continuing  operation  of  equipment  after 
the  rupture  or  burnout  of  a  pressure  vessel. 
Wire  is  wrapped  over  an  area  on  the  out- 
side of  the  vessel  where  a  breakthrough  is 
most  likely  (see  figure).  If  the  wall  breaks  or 
burns,  so  does  the  wire.  Current  passing 
through  the  wire  then  ceases,  triggering  a 
cutoff  mechanism  that  stops  flow  in  the 
vessel  to  prevent  further  damage. 

The  method,  developed  for  Space  Shut- 
tle rocket  engines,  can  be  applied  in  other 
situations  in  which  pipes  or  vessels  can  fail 
due  to  overpressure,  overheating,  or  corro- 
sion. In  the  rocket-engine  application,  lead 
wires  for  the  propellant  solenoid  valves  are 
wound  around  the  outside  of  the  combus- 
tion chamber.  The  wire  is  threaded  through 
rigid  insulating  spacers,  forming  14  loops 
with  centers  0.115  in.  (0.29  cm)  apart  in  a 
band  about  1.6  in.  (4.1  cm)  wide. 


The  band  covers  the  region  where  ex- 
haust gas  as  hot  as  5,000  °F  (2,800  °C) 
might  burn  through  the  wall  during  un- 
stable combustion.  The  wires  would  then 
be  burned  too,  cutting  off  power  to  the 
solenoids  that  control  the  fuel  and  oxidant 
valves,  thereby  shutting  down  the  engine. 
The  engine  and  surrounding  equipment 
are  thus  protected  from  further  damage. 

This  method  was  selected  over  other 
protection  concepts  because  it  is  simple, 
provides  positive  shutdown,  and  functions 
independently  of  other  instrumentation 
and  equipment.  The  use  of  accelerome- 
ters  or  temperature  sensors,  for  example, 
to  detect  instability  of  combustion  was 
found  to  be  overly  complex  and  unreliable 
because  the  sensors  themselves  are  sub- 
ject to  failure. 

This  work  was  done  by  James  B.  Hunt 
of   Rockwell   International    Corp.    for 
Johnson  Space  Center. 
MSC-21449/TN 


Jnsulating 
Spacers 


Loops  of  Wire  encircle  the  outside  of  a 
pressure  vessel  or  combustion  chamber.  If 
bursting  or  burnthrough  occurs,  the  wire 
also  is  broken  or  burned,  breaking  the  elec- 
trical connection  and  thus  turning  off  the 
equipment. 
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Acoustic  Humidity  Sensor 

The  speed  of  sound  in  air  depends  on  the  water  content. 


An  industrial  humidity  sensor  measures 
the  volume  fraction  of  water  in  the  air  via  its 
effect  on  the  speed  of  sound.  The  only  por- 
tion of  the  sensor  that  has  to  be  exposed  to 
the  sensed  atmosphere  is  a  pair  of  stainless- 
steel  tubes  (see  Figure  1).  The  sensor  is 
therefore  rugged  enough  for  use  in  harsh 
environments  like  those  used  to  control  the 
drying  of  paper  in  paper  mills,  where  most 
humidity  sensors  do  not  survive. 

From  basic  principles  of  thermodynam- 
ics and  the  kinetic  theory  of  gases,  it  can  be 
shown  that  the  volume  fraction,  x,  of  water 
vapor  in  air  is  related  to  the  speed  of  sound 
by 

x  =  [11.312(Cm/Cd)  -10.611]'/2  -0.837 
where  Cm  is  the  speed  of  sound  in  the 
moist  air  and  Cd  is  the  speed  of  sound  in  a 
control  sample  of  dry  air  at  the  same 
temperature  as  that  of  the  moist  air.  This 
approximation  is  valid  within  1  percent  at 
temperatures  from  330  to  1,000  K. 

One  of  the  stainless-steel  tubes  of  the 
sensor  is  sealed  and  contains  a  charge  of 
dry  air;  the  other  is  perforated  to  a  porosity 
of  about  1  percent  to  admit  the  moist  air. 
The  objective  is  to  measure  the  speed  of 
sound  in  each  tube  in  terms  of  the  time  be- 
tween reflections  of  pulses  of  sound  from  a 
diametral  stub  and  from  an  end  wall. 

The  output  of  a  pulse  generator  is  fed  to 
a  pair  of  amplifiers,  each  of  which  feeds  a 
transmitting  and  receiving  transducer  at- 
tached to  one  end  of  the  tubes.  Blocking 
diodes  prevent  the  short  circuiting  of  the 
return  pulses  by  the  pulse  amplifiers  and, 
together  with  terminating  resistors,  help 
prevent  oscillations  in  the  reverberant  envi- 
ronments of  the  tubes.  Counters  measure 
the  intervals  between  reflected  pulses. 
Delay  gates  prevent  the  initial  (transmitted) 
pulses  from  activating  the  counters. 

Figure  2  shows  a  typical  return  signal 
from  the  perforated  tube.  The  rumble  be- 
tween the  two  main  reflection  waveforms 
is  caused  by  reflections  from  the  perfora- 
tions. The  round-trip  transit  time  of  sound 
waves  is  determined  from  the  interval  be- 
tween the  first  positive  peaks  in  the  two 


main  reflection  waveforms.  One  can  in- 
crease the  accuracy  of  the  measurement 
by  averaging  over  many  pulses.  Overall, 
the  measurement  of  the  intervals  between 
pulses  in  the  sealed  and  perforated  tubes 
yields  a  value  of  water-vapor  content  that  is 
correct  to  within  0.5  percent  in  the  temper- 


ature range  of  interest. 

This  work  was  done  by  Parthasarathy 
Shakkottai,  Eug  Y.  Kwack,  and  Shakkottai 
Venkrateshan  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 
NP0-17685/TN 
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Figure  1.  Pulses  of  Sound  are  generated  and  reflected  in  two  tubes,  one  containing  dry 
air  and  the  other  containing  moist  air.  Counters  measure  the  intervals  between  reflected 
pulses. 
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Figure  2.  A  Typical  Reflection  Signal  from  the  perforated  tube  includes  peaks  that  represent 
reflections  from  the  diametral  rod  and  the  end  wall.  The  speed  of  sound  in  the  moist  air  is  in- 
versely proportional  to  the  time  between  these  two  reflections. 
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Improved  Stress  Analysis  of  Multicomponent  Rotors 

Suitable  formulation  of  a  finite-element  model  speeds  computation. 


An  improved  method  has  been  devel- 
oped for  the  analysis  of  stress  and  of  the 
compatibility  of  components  in  a  multicom- 
ponent rotating  assembly.  In  this  method,  a 
single  finite-element  mathematical  model 
represents  all  of  the  components.  This  is 
made  possible  by  the  use  of  gap  elements 
to  represent  contact  surfaces  between 
components. 

The  general  problem  is  illustrated  in 
simplified  form  in  Figure  1,  which  shows  a 
two-component  rotor.  In  a  typical  multi- 
component  rotor,  the  concentricity  of  the 
components  is  maintained  via  tight  fits  of 
mating  or  pilot  surfaces,  and  parts  are 
often  bolted  together  axially.  The  analysis 
must  take  account  of  contact  and  internal 
stresses  as  functions  of  temperature  and 
speed  of  rotation,  radial  and  axial  expan- 
sions and  contractions  that  loosen  the 
parts,  and  transient  complications  of  the 
foregoing  and  other  effects. 

The  new  method  has  been  tested  by  ap- 
plication to  a  compressor  rotor.  A  two-di- 
mensional finite-element  model  of  the  entire 
compressor  (see  Figure  2)  incorporates  all 
of  the  components  and  simulates  the  ef- 
fects of  all  contacting  surfaces.  The  initial 
analysis,  which  uses  the  MARC  finite-ele- 
ment computer  program,  was  done  in  two 
parts.  The  first  part  was  a  heat-transfer 
analysis  that  determined  the  steady-state 
temperature  distribution.  The  resulting  tem- 
peratures of  the  elements  were  later  incor- 
porated into  the  stress/compatibility  analy- 
sis. 

A  gap  element  can  be  defined  with  either 
a  closure  distance  (that  is,  a  gap)  or  an  in- 
terference fit.  When  an  interference  fit  is 
chosen,  the  MARC  program  simulates  the 
pressure  on  the  surfaces  by  forcing  the 
two  end  nodes  of  the  gap  element  (there  is 
one  node  on  each  surface)  to  be  displaced 
from  each  other  an  amount  equal  to  the  in- 
terference fit.  As  a  result,  interference  fits 
on  the  model  cause  a  stress  distribution 
before  any  of  the  operating  loading  condi- 
tions are  applied.  In  this  analysis,  only  inter- 
ference fits  are  used  for  the  gap  elements. 

The  stress/compatibility  analysis  of  this 
system  requires  a  nonlinear  solution. 
Therefore,  the  equations  must  be  solved 


INTERNAL 
PILOT 


Figure  1.  Two  Components  of  a  simple 
rotating  assembly  are  joined  at  an  exter- 
nal/internal pilot  interface.  A  tight  pilot  in- 
terface (an  interference  fit)  must  be 
assured  under  all  operating  conditions  to 
maintain  concentricity. 


incrementally  by  the  MARC  finite-element 
program.  The  governing  equations  are  ex- 
pressed in  an  incremental  form  as 

K  du  =  df 
where  du  and  df  are  incremental  displace- 
ment and  force  vectors,  respectively,  and 
K  is  the  stiffness  matrix.  In  the  initial 
analysis,  the  model  was  loaded  with  nine 
successive  equal  increments.  After  the 
ninth  increment  of  load  was  applied,  the 
total  load  on  the  model  was  equivalent  to 
the  actual  loads  at  the  specified  operating 
speed. 

If  a  gap  develops  during  one  of  the  in- 
crements of  load,  the  stiffness  matrix 
changes  and  must  be  recalculated.  The 
MARC  program  uses  the  full  Newton- 
Raphson  method  to  determine  the  new 
stiffness  matrix.  Within  each  increment  of 
load,  the  program  performs  iterations,  re- 
calculating and  refactorizing  the  stiffness 
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Figure  2.  The  Rotor  of  a  Compressor  is  represented  by  a  two-dimensional  mathematical 
model  that  contains  371  eight-node  quadrilateral  axisymmetric  elements. 
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matrix  until  the  ratio  of  the  maximum 
residual  force  to  maximum  reaction  force 
is  less  than  a  given  tolerance. 

The  previous  method  for  the  analysis  of 
stress  and  compatibility,  called  the  "flexi- 
bility-analysis" method,  required  signifi- 
cantly more  computation.  Consequently,  to 
save  time,  analyses  were  often  performed 
only  at  maximum  operating  speeds,  and 
important  information  on  trends  in  contact 


forces  and  displacements  of  pilot  surfaces 
at  lower  speeds  were  not  available.  The 
new  method  makes  it  easier  to  identify 
these  trends  and  to  determine  the  effects 
of  changes  in  design. 

This  work  was  done  by  Gerald  A.  Carek 
of  Lewis  Research  Center.  Further  infor- 
mation may  be  found  in  NASA  TM-100884 
[N88-25935],  Price  Code:  A03  "Improved 
Method  for  Stress   and  Compatibility 


Analysis   of  Multicomponent   Rotating 
Systems." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  maybe 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14838/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Feeder  System  for  Particle-Size  Analyzer 

Powder  is  metered  evenly  into  flowing  gas. 


A  feeder  system  meters  a  precise  stream 
of  powder  into  a  precise  flow  of  gas.  The 
system  is  used  to  feed  a  light-scattering 
particle-size  analyzer  that  determines  the 
distribution  of  sizes  of  particles  in  the  pow- 
der. With  the  feeder  system,  dry  analysis  of 
a  powder  takes  about  one-third  the  time  of 
conventional  wet  analysis  and  consumes 
less  powder  (~1  g  compared  to  ~100  g). 
Furthermore,  the  feed  rate  is  more  pre- 
cisely controllable,  leading  to  more  preci- 
sion in  the  analysis.  Yet  another  advantage 
is  that,  in  dry  analysis,  there  is  no  need  to 
dispose  of  hazardous  liquid  waste. 

The  dry-analysis  light-scattering  tech- 
nique has  not  been  used  extensively  in  the 
past  because  of  difficulty  in  maintaining  a 
constant,  adjustable  flow  of  powder  in  a 
given  flow  of  gas  and  because  the  agglom- 
eration of  particles  in  a  powder  can  distort 
the  measurements.  The  new  feeder  sys- 
tem vibrates  the  powder  to  prevent  agglo- 
meration and  feeds  dry  powder  into  a  pre- 
set volumetric  flow  of  gas. 

The  sample  of  powder  is  placed  in  a 
hopper  (see  figure).  At  the  bottom  of  the 
hopper  is  a  screen  covered  with  plastic 
beads,  which  together  act  as  a  metering 
device  that  limits  the  flow  of  powder.  A 
vibrator  extends  downward  from  the  top  of 
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the  hopper  to  a  point  above  the  screen; 
driven  by  a  motor,  it  produces  a  vertical 
resonant  vibration  at  the  center  of  the  sam- 
ple. Thus,  the  sample  is  prevented  from 
compacting  and  made  to  flow  at  a  limited, 
even  rate  through  the  screen.  A  funnel 
under  the  screen  directs  the  falling  powder 
to  a  low-pressure  venturi  tube,  which  in- 
troduces gas  to  aerate  and  dilute  the 
powder. 

This  work  was  done  by  Keith  E. 
Ramsey  of  Morton  Thiokol,  Inc.,  for 
Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-28326/TN. 

George  C  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


The  Feeder  System  prevents  the  forma- 
tion of  clumps  of  powder  and  meters  the 
powder  into  a  flow  of  gas. 
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Pathogen  Risk  Assessment  for  Land  Application  of 
Municipal  Sludge 


Introduction 

Section  405  of  the  Clean  Water  Act 
requires  the  U.S.  Environmental  Protec- 
tion Agency  to  develop  and  issue 
regulations  that  identify:  (1)  uses  for 
sludge  including  disposal;  (2)  specific 
factors  (including  costs)  to  be  taken  into 
account  in  determining  the  measures  and 
practices  applicable  for  each  use  or 
disposal;  and  (3)  concentrations  of 
pollutants  that  interfere  with  each  use  or 
disposal.  To  comply  with  this  mandate, 
the  U.S.  EPA  has  embarked  on  a 
program  to  develop  four  major  technical 
regulations:  land  application,  including 
distribution  and  marketing;  landfilling; 
incineration  and  surface  disposal.  The 
development  of  these  technical  regula- 
tions requires  a  consideration  of 
pathogens  as  well  as  chemical  constitu- 
ents of  sludge.  Public  concern  related  to 
the  reuse  and  disposal  of  municipal 
sludge  often  focuses  on  the  issue  of 
pathogenic  organisms.  The  purpose  of 
this  report  is  to  describe  a  proposed 
methodology  and  associated  computer 
model  designed  to  assess  the  potential 
risks  to  human  health  posed  by 
pathogens  in  municipal  sewage  sludge 
applied  to  land  as  fertilizer  or  soil 
conditioner. 

Volume  I:  Methodology  and  Computer 
Model  describes  the  conceptual  frame- 
work of  the  risk  assessment  methodology 
and  the  structural  organization,  including 
assumptions  and  components,  of  the 
computer  model.  Volume  II:  User's 
Manual  contains  background  information 
to  provide  the  user  with  an  understanding 
of  the  actual  functioning  of  the  model. 
This  information  includes  descriptions  of 
operating  variables  and  their  default 
values,  explanations  of  the  various 
subroutines,  and  the  mathematical  basis 
for  process  and  transfer  functions. 

Approach 

The  approach  used  for  the  model 
provides  a  structure  capable  of  support- 
ing both  stochastic  and  deterministic 
mathematical  relationships,  i.e.,  it  is  a 
dynamic  model  that  can  incorporate  site- 
specific  data  while  allowing  process 
functions  to  be  dependent  on   environ- 


mental factors,  such  as  temperature  and 
rainfall.  The  model  structure  provides  a 
flexibility  that  permits  addition  and/or 
deletion  of  sludge  management  practice 
compartments  as  well  as  modifications  in 
process  and  transfer  functions.  The 
model  is  designed  to  run  on  a  personal 
computer  with  a  minimum  of  540  KB  of 
free  memory.  Currently  limited  by  a  lack 
of  data,  the  model  will  be  able  to  utilize 
data  gathered  in  the  future  to  enhance  its 
predictive  accuracy. 

The  purpose  of  the  model  is  to 
determine  the  probability  of  infection  of 
the  human  receptor  from  pathogens  in 
the  land-applied  sludge.  The  ultimate 
objective  is  to  use  the  model  to  assist 
EPA  in  its  regulatory  activities,  but  the 
immediate  uses  include  (1)  further 
development  of  the  pathogen  model  as  a 
research  and  risk  assessment  tool  and  (2) 
the  application  of  the  methodology  in  the 
performance  of  actual  pathogen  risk 
assessments. 

The  five  municipal  sewage  sludge 
management  practices  addressed  by  the 
model  are:  application  of  liquid  treated 
sludge  (1)  for  production  of  commercial 
crops  for  human  consumption,  (2)  to 
grazed  pastures,  and  (3)  for  production  of 
crops  processed  before  animal  consump- 
tion; and  application  of  dried  or 
composted  sludge,  (4)  to  residential 
vegetable  gardens,  and  (5)  to  residential 
lawns. 

Model  Structure 

The  computer  model  represents  the 
compartments  and  transfers  among 
compartments  of  the  five  management 
practices.  The  compartments  are  the 
various  locations,  states,  or  activities  in 
which  sludge  or  sludge-associated  path- 
ogens exist;  they  vary  to  some  extent 
among  practices.  In  each  compartment, 
pathogens  either  increase,  decrease,  or 
remain  the  same  in  number  with  time,  as 
specified  by  "process  functions"  (growth, 
die-off  or  no  population  changes)  and 
"transfer  functions"  (movement  between 
compartments).  The  population  in  each 
compartment,  therefore,  generally  varies 
with  time  and  is  determined  by  a 
combination  of  initial  pathogen  input, 
"transfer    functions"    and    "process 
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functions."  The  populations  of  pathogens 
in  the  compartments  representing  human 
exposure  locations,  together  with  ap- 
propriate intake  and  infective  dose  data, 
are  used  to  estimate  human  health  risk. 

Considering  modern  disposal  prac- 
tices, almost  any  pathogenic  organism 
can  be  found  in  municipal  sewage. 
Because  of  the  difficulty  of  designing  a 
model  that  could  accurately  simulate  the 
survival  and  environmental  movement  of 
more  than  a  few  microbial  species, 
organisms  or  organism  groups  were  se- 
lected to  represent  the  enteric  pathogens 
most  commonly  found  in  sludge.  The 
current  version  of  the  model  deals  with 
only  three  of  these  selections:  Salmonella 
spp.  representing  the  bacteria;  Ascaris 
lumbricoides,  the  parasites  (both  hel- 
minth worms  and  protozoa);  and 
enteroviruses  (a  grouping  of  several 
animal  viruses),  the  enteric  viruses. 

Exposure  of  an  individual  to  enteric 
pathogens  can  lead  to  (1)  no  effect,  (2)  a 
subclinical  (asymptomatic)  infection  or  (3) 
a  clinical  (symptomatic)  infection. 
Although  subclinical  infections  are  not 
clinically  detectable,  that  individual  by 
either  direct  or  indirect  transmission  of 
the  pathogenic  organisms  may  cause 
disease  to  develop  in  others.  In  this 
methodology,  infection  rather  than 
disease  is  used  to  measure  risk. 

Exposure  pathways,  i.e.,  migration 
routes  of  pathogens  from  or  within  the 
application  or  disposal  site  to  a  target 
organism  or  receptor,  for  sludge  applied 
to  land  include  the  following: 

•  inhalation  or  ingestion  of  emissions 
from  application  of  sludge  or  tilling  of 
sludge/soil; 

•  inhalation  or  ingestion  of  windblown  or 
mechanically  generated  particulates; 

•  swimming  in  a  pond  fed  by  surface 
water  runoff; 

•  direct  contact  with  sludge-contam- 
inated soil  or  crops  (including  grass, 
vegetables,  or  forage  crops); 

•  drinking  water  from  an  offsite  well; 
inhalation  and  subsequent  ingestion  of 
aerosols  from  irrigation; 

•  consumption  of  vegetables  grown  in 
sludge-amended  soil; 

•  consumption  of  meat  or  milk  from 
cattle  grazing  on  or  consuming  forage 
from  sludge-amended  fields. 

Since  the  model  provides  only  an 
approximation  of  environmental  transport 
mechanisms,  it  does  not  represent  every 
possible  exposure  pathway.  It  does, 
however,  trace  the  flow  of  pathogens 
through  the  major  routes  leading  to 
possible  human  exposure. 

Model  Use 

The  user  of  the  model  has  the  option 
of    modifying    many    of   the    operating 


variables  used  by  the  program  to 
calculate  the  number  of  organisms 
present  in  the  compartments.  These 
variables  include  initial  pathogen  concen- 
tration; organism  type;  environmental 
parameters  such  as  soil  temperature  and 
moisture,  air  temperature,  windspeed, 
rainfall  amount  and  frequency;  and 
parameters  descriptive  of  the  land 
application  practice  modeled  such  as  size 
of  field  or  garden,  type  of  crop,  irrigation 
method  and  frequency,  timing  and  yield 
of  harvest  or  size  of  cattle  herd.  There 
are  also  variables  for  the  subroutines  that 
represent  rainfall,  groundwater  and  crop 
preparation  practices.  Operation  of  the 
model  is  governed  by  a  series  of 
compartment  differential  equations,  trans- 
fer factors  and  times,  and  process 
functions.  These  equations  calculate  the 
increase  or  decrease  of  pathogens  within 
each  compartment  and  the  transfer  of 
pathogens  from  one  compartment  to 
another  at  intervals  during  the  model  run. 
Transfers  may  be  conditional  on  a 
particular  applications  option  such  as 
spray  irrigation,  on  time  after  initiation  of 
the  practice  or  on  physical  processes 
such  as  rainfall  or  dust  storms.  The  more 
complex  transfer  functions  are  those 
resulting  from  generation  of  particulate 
emissions  by  wind  erosion  or  tilling,  from 
generation  of  liquid  aerosols  during  spray 
irrigation  using  wastewater,  from  transport 
of  soil-bound  microorganisms  by  surface 
runoff  associated  with  rainfall  or  from 
subsurface  transport  of  pathogens 
associated  with  groundwater  movement. 


Conclusions 

Preliminary  conclusions  drawn  from 
sample  runs  of  the  model  suggest  that 
the  most  likely  candidate  for  infection  is 
an  onsite  human  receptor  who  ingests 
pathogens  from  direct  contact  or  from 
contaminated  surface  runoff  confined 
onsite;  the  probability  of  infection  of  an 
offsite  human  receptor  seems  relatively 
low  if  surface  runoff  does  not  move 
offsite. 


Norm  Kowal  is  the  EPA  Protect  Officer  (see  below). 

The  complete  reports,  entitled  "Pathogen  Risk  Assessment  for  Land  Application 
of  Municipal  Sludge.  Volume  I:  Methodology  and  Computer  Model. " 
(Order  No.  PB  90-171  901  AS;  Cost:  $23.00)  and  "Pathogen  Risk 
Assessment  for  Land  Application  of  Municipal  Sludge.  Volume  II:  User  s 
Manual."  (Order  No.  PB  90-171  919:  Cost  $31.00)  (costs  subject  to 
change)  will  be  available  only  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield.  V A  22161 

Telephone:  703-487-4650 
The  EPA  Protect  Officer  can  be  contacted  at: 

Environmental  Criteria  and  Assessment  Office 

U.S.  Environmental  Protection  Agency 

Cincinnati.  OH  45268 
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Completed  Projects  Isothermal  Sheet  Rolling 


The  purpose  of  this  project  was  to  evaluate  and 
to  demonstrate  the  process  of  isothermal  rolling 
sheet  products  in  advanced  alloy  systems,  such  as 
the  nickel-based,  oxide  dispersion  strengthened 
(ODS)  and  titanium  based  aluminides,  for  use  in 
the  manufacturing  of  components  of  aircraft  and 
aircraft  propulsion  systems.  The  program  was  bas- 
ed on  earlier  Air  Force-sponsored  work  involving 
the  Solar  Turbine  Company  (Solar)  and  the  Inter- 
national Nickel  Company  (Inco)  with  a  substantial 
investment  from  Allison  Gas  and  General  Motors 
Corporation.  The  program  involved  transferring 
the  Air  Force/Inco  isothermal  rolling  mill  (IRM) 
from  Inco's  Sterling  Forest  Research  Facility  in 
New  York  to  Allison's  Plant  8  in  Indianapolis, 
Indiana. 

The  project  consisted  of  four  phases.  Phase  I  ad- 
dressed the  refurbishment  of  the  Air  Force/Inco 
mill.  Phase  II  involved  the  fabrication  of  both 
6-inch  and  12-inch  wide  TZM  molybdenum  alloy 
rolls;  the  mill  shakedown  focused  on  the  use  of  the 
narrow  rolls  followed  by  a  demonstration  of  the 
wider  rolls  near  the  conclusion  of  the  project.  Phase 

III  involved  process  studies  to  roll  a  variety  of 
titanium,  nickel,  and  cobalt  based  alloys  and 
feasibility  efforts  aimed  at  sheet  cladding  and  the 
calendering  of  sheets  for  potential  use  in  laminated 
diffusion  bonded  structures.  The  purpose  of  phase 

IV  was  to  establish  a  sheet  production  capability, 
to  address  the  impact  of  the  technology  on  military 
and  commercial  aircraft  production,  and  to  make 
projections  of  the  overall  impact  of  the  technologies 
for  future  applications.  Major  improvements  were 
made  to  IRM  equipment  during  this  project. 

The  results  showed  that  TZM  molybdenum  rolls 
can  be  fabricated  to  both  6-  and  12-inch  wide  widths 
and  still  have  excellent  levels  of  strength  and 
toughness  using  PM  sintering,  extrusion,  and  ring- 
rolling  techniques.  Improvements  were  made  to 
power  supplies,  temperature  sensors,  the  data  ac- 
quisition  system.   Pull  mechanisms   had  better 


achievement  than  the  original  Air  Force/Inco  IRM 
design.  Over  100  isothermal  runs  were  conducted 
in  the  program  involving  the  following  alloys: 

•  Ti  6-4 

•  Hastelloy  X 

•  Alpha  2  Ti3Al  (Ti-14Al-21cb-At.  %) 

•  ODS  MA  754 

•  Haynes  188 

•  Gamma  TiAl  (Ti-48Al-lV-At.  %) 

Both  6-  and  12-inch  sheet  widths  were  evaluated, 
however,  the  bulk  of  the  work  focused  on  6-inch 
widths.  The  evaluation  showed  that  the  alloys  can 
be  reduced  from  an  approximate  starting  thickness 
of  0.250  inch  to  approximately  0.100  inch  with  a 
fairly  good  surface  finish.  However,  as  thickness 
approached  0.050  inch,  buckling  or  "oil  canning" 
of  the  sheet  was  encountered  due  to  the  presence 
of  thermal  gradients  and  associated  thermal 
stresses.  Consequently,  it  was  not  possible  to 
demonstrate  thin  sheet  production  capability.  In 
the  case  of  gamma  TiAl,  rolling  was  not  possible 
because  of  extremely  low  ductility  characteristics, 
which  caused  cracking  during  the  start  of  the  heat 
cycle.  Limited  feasibility  was  shown  for  calender- 
ing Lamilloy-type  pedestals  into  Hastelloy  X. 
Limited  attempts  at  roll  cladding  Ti  6-4  to  Ti  6-4 
were  encouraging,  despite  the  development  of  an 
alpha  case  at  bond  surface  interfaces  that  precluded 
diffusion  bonding. 

An  assessment  of  the  isothermal  rolling  mill,  as 
it  was  developed  under  this  contract,  showed  that 
further  improvements  in  several  areas  will  be  re- 
quired if  the  isothermal  rolling  mill  is  to  have  a 
realistic  production  capability.  These  im- 
provements include  an  improved  roll-drive 
mechanism,  roll-design  modifications,  temperature- 
sensing  mechanisms,  and  side  guides  to  keep  the 
sheet  from  traveling  off  center.  For  very  low  duc- 
tility materials,  such  as  gamma  TiAl.  that  are 
vulnerable  to  sharp  thermal  gradients  and  stresses 
which  can  develop  during  the  start  up  of  the 
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heating  cycles.  Pre-  and  post-heat  capabilities  also 
will  be  required. 

Overall,  the  program  has  led  to  an  improved 
understanding  of  the  technology  as  it  relates  to  the 
isothermal  rolling  process.  The  "lessons  learned" 
from  this  project  could  prove  valuable  relative  to 
extending  the  concept  of  isothermal  sheet  rolling 
to    emerging    new    classes    for    difficult-to-roll 


materials  that  will  be  required  for  IHPTET-  and 
NASP-oriented  programs. 

The  technical  results  of  this  project  are  reported 
in  WRDC-TR-89-8028,  May  1989.  This  report  was 
prepared  by  the  prime  contractor,  the  Allison  Gas 
Turbine  Division  of  the  General  Motors  Corpora- 
tion located  in  Indianapolis,  Indiana. 


FOR  ADDITIONAL  INFORMATION:  To  discuss  this  effort  further,  contact:  Project  engineer: 
Edward  Wheeler,  Air  Force  Manufacturing  Technology  Program,  ATTN:  AFWAL/MTPM,  Wright 
Patterson  AFB,  OH  45433-6533;  (513)255-5151.  Refer  to  contract  F33615-85-C-5131. 


Technology  Assessment 

U.S.  Air  Force 


Dispenser  Cathode  Production 


The  need  for  improving  type  M  dispenser  cathode 
processing  became  apparent  during  the  Space 
Systems  Division's  development  of  K-band  generic 
traveling  wave  tubes  (TWTs).  The  objective  of  this 
project  is  to  improve  and  control  manufacturing 
processes  employed  in  the  fabrication  and  overspat- 
ter  of  type  M  dispenser  cathodes.  The  application 
of  the  manufacturing  technology  results  will  be 
built  into  the  next  generation  of  communication 
satellites.  The  success  of  this  application  depends 
on  obtaining  predictable  TWTs  with  a  ten  year 
operating  life. 

The  technical  approach  is  to  increase  the  life  of 
the  dispenser  cathode  employed  in  space  TWTs  by 
manufacturing  a  more  uniform  and  consistent  elec- 
tron emitting  surface.  Control  of  the  tungsten  and 
the  barium-calcium-aluminate  materials,  along  with 
control  of  the  impregnation  process,  will  contribute 
to  more  repeatable  cathode  performance. 

In  phase  I  the  process  parameters  and  the 
physical  aspects  of  the  tungsten  billet  materials 
were  characterized  to  ensure  reproducibility.  Sinter- 
ing temperatures  and  times  for  each  material  and 


density,  gas  permeability,  and  surface  area  for  each 
billet  were  tracked  for  optimization  purposes.  The 
raw  materials  and  processing  methods  of  the 
barium-calcium-aluminate  materials  were  evaluated 
to  optimize  the  manufacturability  and  behavior  of 
the  materials.  Parameters  that  influence  the 
cathode  impregnation  process  in  the  furnace  are 
time-temperature  profiles,  atmosphere  conditions, 
and  total  mass  of  material.  These  parameters  were 
optimized  to  ensure  a  uniformly  consistent  com- 
position in  the  cathode.  Sputter  coating  of  the 
tungsten  cathode  surface  also  was  evaluated  and 
optimized  to  yield  a  standard  product.  Optimum 
particle  size,  shape,  and  purity  were  determined  in 
phase  II. 

Semicon  incorporated  the  results  of  phases  I  and 
II  in  their  manufacturing  facilities.  A  demountable 
beam  testing  unit  was  built  and  is  in  use  at  Hughes 
Aircraft  of  Torrance,  California  to  test  cathodes  on 
a  subcontractual  basis.  All  work  is  complete  except 
the  final  beam  testing,  which  is  needed  to  select 
the  optimum  processes.  This  is  expected  to  be  com- 
plete by  November  1990. 


FOR  ADDITIONAL  INFORMATION:  To  discuss  this  effort  further,  contact:  Project  engineer: 
Michael  Price,  Air  Force  Manufacturing  Technology  Program,  ATTN:  AFWAL/MTEC,  Wright 
Patterson  AFB,  OH  45433-6533;  (513)255-2461.  Refer  to  contract  F33615-84-C-5012. 
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Technology  Assessment 

U.S.  Air  Force 


Small  Engine  Composite  Compressor  Rotors 


Composite  rotor  applications  are  being  proposed 
to  replace  cast  metal  rotors  in  limited  life  missile 
systems  engines.  Previous  programs  have 
demonstrated  the  feasibility  of  continuous  fiber 
placement.  Initial  cost  investigations  have  shown 
that  it  is  possible  to  reduce  the  cost  of  small  gas 
turbine  engine  compressors  if  the  current  cast 
metallic  components  are  replaced  with  polymer 
matrix  fiber-reinforced  composites.  Because  of  the 
fabrication  characteristics,  unique  manufacturing 
concepts  are  required  to  position  the  fibers  where 
they  will  support  the  loads.  At  present,  all  of  the 
processes  are  performed  manually.  The  project  will 


establish  low  cost  manufacturing  technology  for 
the  automated  fabrication  of  one  piece  integrally 
bladed  rotors  using  organic  matrix  composite 
materials  for  use  in  limited  life,  expendable  engines. 

This  project,  under  contract  with  Teledyne  of 
Toledo,  Ohio,  is  using  robotic  fiber  placement  in 
the  automatic  fabrication  of  small  engine  rotors. 

Total  manufacturing  cost  reduction  for  com- 
posite rotors  will  result  from  this  program.  Benefits 
will  result  from  automated  fabrication  methods. 
Cost  reductions  of  nearly  30  percent  are  projected, 
along  with  a  20  percent  weight  reduction.  Engine 
performance  and  range  also  will  be  enhanced. 


FOR  ADDITIONAL  INFORMATION:  To  discuss  this  effort  further,  contact:  Project  engineer: 
Paul  Pirrung,  Air  Force  Manufacturing  Technology  Program,  ATTN:  AFWAL/MTPN,  Wright 
Patterson  AFB,  OH  45433-6533;  (513)255-7371.  Refer  to  contract  F33615-88-C-5400. 
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TECHLINE 

A  1       Processing  of  Wood  Products 


Analysis  of  Computer-Controlled 
Woodworking  Machinery  at  the 
Hardwood  Processing  Center 
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Researchers  at  the  Advanced  Hardwood  Processing  and 
Technical  Resource  Center  evaluate  machine  performance 
to  help  wood  equipment  manufacturers  and  distributors, 
consultants,  and  plant  managers  determine  the  types  of 
machines  suitable  for  specific  wood  processing  needs. 

Although  computer-controlled  machines  are  routinely 
used  in  the  metalworking  industry,  they  are  still  rela- 
tively new  in  the  U.S.  woodworking  industry.  A  variety 
of  reasons  for  this  exist,  including  a  lack  of  information 
about  where  and  how  these  machines  can  be  efficiently 
used  to  increase  production.  The  USDA  Forest  Ser- 
vice established  the  Advanced  Hardwood  Processing  and 
Technical  Resource  Center  at  Princeton,  West  Virginia, 
to  conduct  analyses  of  computer-controlled  woodworking 
machines,  either  individually  or  as  systems  composed  of 
several  machines. 

Researchers  at  the  Center  evaluate  and  analyze  machines 
for  a  variety  of  characteristics  such  as  efficiency,  yield, 
safety,  computer  control  functions,  and  economic  criteria. 
As  part  of  the  analysis,  standardized  criteria  for  assessing 
machine  performance  are  developed.  The  results  help 
equipment  manufacturers  and  distributors,  consultants, 


and  plant  managers  determine  the  types  of  machines  that 
are  suitable  for  specific  wood  processing  needs. 

The  first  machine  analyzed  was  a  computer-numerically 
controlled  (CNC)  router,  a  machine  requiring  complex 
computer-control  functions.  Specific  evaluation  criteria 
were  developed  and  tested  on  this  machine.  The  criteria 
included  power  requirements,  spindle  motor  adequacy  for 
machining  various  raw  materials,  accuracy  and  repeata- 
bility of  machining,  setup  time,  and  processing  time.  In 
addition,  noise  and  dust  levels  were  measured.  Also, 
the  router's  controller  was  evaluated  in  terms  of  ease  of 
use,  skills  required  to  operate,  and  ease  of  programming. 
Most  of  these  criteria  will  apply  to  other  types  of  machin- 
ery as  well,  such  as  moulders,  tenoners,  and  multiboring 
machines. 

The  Center  solicits  the  cooperation  and  participation  of 
both  the  machinery  and  wood  products  manufacturers 
in  this  machinery  analysis  and  evaluation  program.  The 
success  of  the  program  will  depend,  in  large  measure, 
on  such  cooperation.  For  example,  results  must  be  in 
a  form  that  are  useful  to  industry  for  making  decisions 
about  the  use  of  CNC  machinery.  The  Center  will  also 
require  cooperation  in  obtaining  machinery  on  a  tempo- 
rary basis  for  analysis  and  evaluation.  Provisions  of  the 
1986  Technology  Transfer  Act  can  facilitate  such  close 
cooperation  and  proprietary  research  between  industry 
and  government. 

For  additional  information,  contact: 

Robert  L.  Brisbin 

Research  Forest  Products  Technologist 

USDA  Forest  Service 

Advanced  Hardwood  Processing  and 

Technical  Resource  Center 
Route  2,  Box  562-B 
Princeton,  WV  24740 
(304)  425-6945 
FAX  (304)  425-1476 
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United  States  Forest  State  and 

Department  of  Agriculture  Service  Private  Forestry 


Northeastern  Forest 
Experiment  Station 
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TECHLINE 

M       Timber  Requirements  and  Economics 


Plywood  Mill  Analysis  Program 
(PLYMAP) 

Changing  technology,  together  with  cost  fluctuations 
(primarily  in  wood  prices),  continually  alter  the  economic 
equilibrium  of  plywood  mills.  To  help  evaluate  the  eco- 
nomic effects  of  changes,  economists  at  the  Forest  Prod- 
ucts Laboratory  developed  a  computer  simulation  model 
of  plywood  processing  called  PLYMAP  (Plywood  Mill 
Analysis  Program).  This  model  assesses  the  net  eco- 
nomic effect  of  changing  process  parameters  in  a  plywood 
mill  and  aids  in  mill  layout  and  design. 

Specifically,  PLYMAP  analyzes  plywood  processing  by 
12  work  centers.  For  each  center,  the  model  calculates 
machine  utilization  based  on  user-specified  performance- 
parameter  values  that  define  the  technology  at  each  cen- 
ter and  the  size  and  volume  of  wood  processed.  The  user 
can  adjust  parameter  assumptions  to  achieve  a  balanced 
material  flow.  By  specifying  representative  parameters 
for  each  work  center,  the  user  can  gauge  the  adequacy  of 
the  mill  layout  and  identify  bottlenecks  for  given  tech- 
nology and  wood  input  conditions. 

The  user  also  specifies  labor,  material  and  energy  require- 
ments, and  unit  costs  which  the  program  uses  to  calculate 
overall  mill  production  costs.  By  simulating  a  range  of 
wood  input  sizes  and  technology  conditions,  the  user  can 


determine  the  conditions  that  maximize  mill  efficiency 
and  profitability. 

PLYMAP  is  written  in  FORTRAN  and  designed  to  be 
run  interactively  on  any  IBM  or  compatible  personal 
computer.  The  program  is  command  driven,  which 
means  it  prompts  the  user  to  supply  answers  to  a 
set  of  questions  before  proceeding  with  calculations. 
The  program  is  suited  to  most  rotary-peeled  plywood 
operations. 

For  additional  information,  contact: 
Henry  Spelter,  Economist 
Forest  Products  Laboratory 
One  Gifford  Pinchot  Drive 
Madison,  WI  53705-2398 
(608)  231-9380 

Reference 

Spelter,  Henry.  1990.  PLYMAP— A  computer 
simulation  model  of  plywood  production.  Gen.  Tech. 
Rep.  FPL-GTR-65.  Madison,  WI:  U.S.  Department  of 
Agriculture,  Forest  Service,  Forest  Products  Laboratory 
(in  process). 


United  States  Forest  State  and 

Department  of  Agriculture  Service  Private  Forestry 


Forest  Products 
Laboratory 
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k     Technology  Application 


Fermi  National  Accelerator  Laboratory 

A  Dynamic  Seal  for  Air-Breathing  Routing  Spindles 


Routing  plastic  materials,  or  indeed  any  grinding  operation  where  fine  powders  are  created,  can  create  a 
work  environment  not  beneficial  to  the  well  being  of  the  tools  used  to  create  the  products.  Heretofore,  one 
solution  to  the  problem  has  been  a  complicated  seal  arrangement  with  a  positive  air  purge,  or  air-bearing 
spindles,  for  high-speed  drilling,  grinding,  and  routing  applications.  Typically,  when  rotational  speeds 
exceed  60,000  r.p.m.,  the  lifespan  of  ball  bearings  becomes  a  problem,  and  air  bearings  are  preferred.  It  is 
believed  that  the  air  stream  escaping  from  the  lower  bearing  prevents  foreign  material  from  entering  the 
narrow  (0.0002-in.)  gap  of  that  bearing.  Fermilab  has  developed  conclusive  evidence  that  foreign  material 
enters  the  gap,  via  air  turbulence,  and  degrades  the  spindles  to  the  point  of  failure  within  nine  hours  to  five 
days  of  operation. 

On  the  other  hand,  spindles  equipped  with  a  dynamic  kapton  seal  developed  at  Fermilab  have  shown  no 
deterioration  or  friction  for  over  three  weeks  of  operation.  The  dynamic  seal  for  air-bearing  routing  spin- 
dles arose  from  Fermilab's  experience  with  polyester  material  from  a  workpiece  entering  the  air  bearing  of 
a  spindle  and  accumulating,  reducing  the  gap  size  until  the  spindle  freezes  up.  The  dynamic  seal  consists 
of  a  pre-loaded  kapton  seal  which,  in  operation,  floats  on  the  escaping  air  stream  with  minimal  clearance, 
completely  excluding  foreign  material,  yet  adding  no  friction  to  the  spindle  itself. 

A  patent  has  been  applied  for  on  the  kapton  air-bearing  seal,  and  the  device  is  available  for  licensing. 

FOR  ADDITIONAL  INFORMATION:  Office  of  Research  and  Technology  Applications,  Fermi  National 
Accelerator  Laboratory,  P.O.  Box  500,  MS  208,  Batavia,  IL  60510;  (312)840-3333.  Refer  to  FAA- 

447ATN. 
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fWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Hard  Contact 
With  a  Force- 
Reflecting  Teleoperator 

Force  feedback  should 
be  adjusted  to  provide 
stability  without  sluggish 
and  fatiguing  operation. 

A  paper  reports  on  experiments  with  a 
single-axis  force-reflecting  teleoperator 
that  made  contact  with  a  hard,  immovable 
object.  The  experiments  showed,  among 
other  things,  that  the  dynamics  of  the  hu- 
man operator  affect  the  stability  of  the  re- 
sponse of  the  control  system. 

In  the  experiments,  a  human  operator 
used  a  hand  controller  to  move  a  model 
robot  arm  in  a  space  containing  a  rigidly 
mounted  obstacle.  The  following  parame- 
ters of  the  teleoperator  system  were  ad- 
justable: robot  position  gain,  robot  rate 
gain,  forward  position  ratio,  coordinating 
position  gain,  forward  delay,  backward 
delay,  hand-controller  position  gain,  hand- 
controller  rate  gain,  force  gain,  and  force- 
filter  time  constant.  Operation  was  also 
simulated  on  a  computer  with  the  SPICE 
electronic-circuit-simulation  program.  In 


the  simulations,  the  parameters  of  the 
human  operator  and  the  coordinating  and 
damping  torques  were  varied.  The  simula- 
tions compared  one-finger  operation  with 
full-hand  operation. 

The  experiments  showed  that  one  of  the 
effects  of  a  stronger  grip  on  the  hand  con- 
troller is  to  stabilize  the  system  during  a 
hard-contact  task,  much  as  local  damping 
feedback  of  the  hand  controller  does.  An 
added  effect  of  the  damping,  however,  is 
to  change  the  subjective  feel  of  the  system 
from  "responsive"  and  "tight"  to  "sluggish" 
and  "fatiguing." 

The  results  of  the  experiments  suggest 
a  new  control  architecture  in  which  the 
mechanical  impedance  of  the  human  oper- 
ator is  continuously  estimated  and  only  the 
minimum  necessary  amount  of  damping  is 
supplied  by  the  system.  This  scheme  could 


be  implemented  in  any  of  three  ways: 
•The  operator  adjusts  damping  for  opti- 
mum performance  with  stable  operation. 

•  A  contact  sensor  (such  as  a  capacitance 
or  infrared  sensor)  is  used  to  determine 
whether  the  strength  of  the  grasp  is  suffi- 
cient, in  which  case  the  control  system  re- 
duces damping  to  a  preset  level. 

•  The  control  system  continuously  esti- 
mates the  impedance  of  the  human  oper- 
ator from  force,  torque,  and  displacement 
readings  and  continuously  adjusts  the 
damping  accordingly. 

This  work  was  done  by  Blake  Hanna- 
ford  of  Caltech  and  Robert  Anderson  of 
the  University  of  Illinois  for  NASA's  Jet 
Propulsion  Laboratory.  "Experimental 
and  Simulation  Studies  of  Hard  Contact 
in  Force  Reflecting  Teleoperation." 
NPO-17549/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Licensing 
Opportunity 


Internal  Filler-Wire  Feed  for  Arc  Welding 

The  tungsten  electrode  holds  and  protects  the  filler  wire. 


A  tungsten  electrode  for  gas/tungsten 
arc  welding  contains  a  lengthwise  channel 
for  feeding  filler  wire  to  the  weld  joint.  The 
channel  makes  it  unnecessary  to  feed  the 
wire  through  guides  outside  the  electrode 
and  thus  conserves  valuable  space  near 
the  weld  and  protects  the  wire  from  defor- 
mation by  contact  with  other  parts  in  the 
vicinity  of  the  weld  —  a  feature  especially 
helpful  in  robotic  or  automatic  welding. 

The  wire  is  fed  along  the  inside  of  a 
ceramic  liner  in  the  channel  in  the  elec- 
trode (see  figure).  The  liner  insulates  the 
wire  electrically  from  the  electrode.  Heat 
from  the  rod  nevertheless  passes  through 
the  liner  to  the  wire,  preheating  the  wire  so 
that  it  can  be  fed  more  rapidly  to  the  weld 
puddle.  Welding  can  thus  proceed  faster 
than  it  can  with  externally  fed  wire.  More- 
over, the  wire  does  not  oxidize  in  the  hot  en- 
vironment because  it  is  always  protected 
from  air  by  the  liner  and  by  the  shielding  in- 
ert gas  at  the  weld  puddle. 

This  work  was  done  by  Gene  E.  Morgan 
and  Gerald  E.  Dyer  of  Rockwell  Interna- 
tional Corp.  for  Marshall  Space  Right 
Center. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Marshall  Space  Flight  Center 
Refer  to  MFS-29491. 


Hk 


The  Hollow-Core  Tungsten  Rod  guides  the 
filler  wire  to  a  weld  joint.  The  ceramic  liner 
insulates  the  wire  electrically  from  the  elec- 
trode so  that  the  welding  arc  extends  only 
from  the  electrode  to  the  workpiece. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Removing  Burrs  in  Confined  Spaces 

The  right  tool  makes  a  normally  impossible  job  easy. 


A  special  tool  has  been  proposed  to  re- 
move burrs  on  ring  edges  left  by  the  opera- 
tions of  a  hollow  mill  near  the  bases  of 
round  posts.  The  tool  was  conceived  be- 
cause the  posts  are  placed  so  closely  to- 
gether that  ordinary  and  makeshift  tools 
can  damage  the  adjacent  posts  and  are 
difficult  or  impossible  to  use  in  the  narrow, 
deep  spaces  surrounding  the  edges  to  be 
deburred.  Although  the  tool  is  designed 
specifically  for  use  on  hollow  liquid-oxygen- 
injector  posts  of  a  spacecraft  engine,  the 
general  tool  concept  is  adaptable  to  similar 
deburring  problems  on  otherwise  inac- 
cessible parts.  The  proposed  tool  is  an  ex- 
ample of  the  design  of  a  simple  special  tool 
to  do  a  job  that  cannot  be  done  with  com- 
mercially-available, general-purpose  tools. 

The  figure  shows  the  tool  in  the  operat- 
ing position  on  a  post  between  two  adja- 
cent posts.  The  cylindrical  sheath  of  the 
tool  is  aligned  at  the  lower  end  by  contact 
with  part  of  the  outer  surface  of  the  post.  At 
the  upper  end,  the  tool  is  aligned  by  the  in- 
sertion of  a  round-headed  pin  into  the  axial 
hole  in  the  post.  A  long  control  rod  is 
equipped  with  a  knurled  handle  at  the  up- 
per end  and  is  made  in  two  pieces  that  are 
joined  together  by  a  threaded  coupling. 


Burrs  on  Three  Milled  Edges  near  the  bot- 
tom of  the  middle  post  are  removed  by  a 
blade  rotated  around  the  post  in  the 
specially  designed  tool. 


When  the  control  rod  is  pushed  down- 
ward toward  the  position  shown,  the  blade- 
positioning  pin  on  the  control  rod  slides 
downward  in  the  long,  upper  slot  in  the 
blade,  causing  the  blade  to  move  inward 
toward  the  post.  When  this  pin  reaches  the 
bottom  of  the  long  slot,  it  pushes  the  blade 
downward  against  the  other  blade-posi- 
tioning pin,  which  is  fixed  in  the  sheath  of 
the  tool;  this  downward  motion  against  the 
fixed  pin  also  pushes  the  blade  toward  the 
post.  Edges  of  the  blade  are  ground  to  just 
the  size  and  shape  to  meet  the  edges  to  be 
deburred  at  the  end  of  the  downward  and 
inward  motion.  After  the  tool  is  thus  placed 
in  the  operating  position,  it  is  turned  around 
the  axis  of  the  post  to  cut  off  the  burr. 

Two  ball  detents  hold  the  control  rod  in 
the  operating  position;  the  threaded  cou- 
pling can  be  used  for  fine  adjustment  of  the 
operating  position  of  the  blade  when  the 
rod  is  in  this  lower  detent  position.  The 
blade  is  pulled  outward  from  the  post  by 
withdrawing  the  rod  upward  to  a  single-de- 
tent position. 

This  work  was  done  by  Friedrich  Windbiel 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Flight  Center.  No  further 
documentation  is  available.  MFS-29392/TN 
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Resistance-Welding  Test  Fixture 

Realistic  welding  conditions  produce  reliable  specimens. 


A  simple  fixture  holds  resistance-weld- 
ing test  specimens.  The  fixture  provides  for 
flows  of  heat  and  electrical  current  similar 
to  those  encountered  in  manufacture. 

The  fixture  (see  figure)  holds  specimens 
of  foil  and  screen  for  welding  onto  stain- 
less-steel plates.  A  specimen  holder  and 
clamps  secure  the  samples  while  an  oper- 
ator welds  each  pair  by  applying  a  resist- 
ance-welding tool  through  notched  open- 
ings in  lids. 

Electrical  current  and  heat  flow  through 
the  sample,  the  copper  holder,  and  alu- 
minum clamps.  Other  parts  are  made  of 
thermally-  and  electrically-insulating  poly- 
methylmethacrylate). When  the  welded 
specimens  are  subjected  to  tensile  peel 
tests,  they  accurately  represent  produc- 
tion parts.  Microscopic  comparisons  of 
t specimens  assembled  in  the  fixture  and 
reduction  parts  have  verified  the  authen- 
city  of  the  simulated  conditions. 
This  work  was  done  by  Andrew  D. 
Brennan  of  Rockwell  International  Corp. 
for   Marshall    Space    Flight    Center 
MFS-29426/TN 


SECTION  AA 


Plastic 

Bottom 

Plate 


The  Specimen  Holder  includes  a  metallic  holder  and  clamps  to  provide  electrical  and 
thermal  paths  and  plastic  parts  that  provide  thermal  and  electrical  isolation. 
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Vibrations  Caused  by 
Cracked  Turbopump 
Bearing  Race 

Expansion  gives  rise 
to  eccentricity. 

A  brief  report  presents  an  analysis  of  the 
dynamic  effects  caused  by  the  cracking  of 
the  inner  race  of  a  ball  bearing  in  a  turbo- 
pump.  The  crack  had  manifested  itself  via 
an  increase  in  vibrations  synchronous  with 
the  rotation  and  a  smaller  increase  at  twice 
the  frequency  of  rotation.  The  analysis  was 
conducted  to  verify  that  these  increases 
were  caused  solely  by  the  crack  and  to  un- 
derstand the  implications  for  future  such 
cracks. 

It  was  postulated  that  centrifugal  expan- 
sion of  the  cracked  inner  race  would  cause 
the  race  to  become  eccentric  with  respect 
to  the  rotating  shaft  and  that  the  eccentric- 
ity would  give  rise  to  unbalance  and  con- 
sequent vibrations.  The  vibrations  would 
be  small  or  nonexistent  at  low  speeds  of  ro- 
tation, at  which  compressive  axial  loads, 
ball  loads,  and  shrink  fits  would  exert  re- 
storing forces  that  would  counteract  the 


centrifugal  force.  With  increased  speed, 
the  centrifugal  force  would  increasingly 
overcome  these  restoring  forces,  expand- 
ing the  cracked  inner  race  outward. 

Because  one  of  the  loads  resisting  ex- 
pansion would  be  friction  on  the  axial  faces 
between  the  inner  race  and  the  bearing  nut 
and  spacer,  the  expansion  would  occur  in 
f  rictional  steps,  locking  at  each  successive 
step  as  the  speed  increased.  The  expan- 
sion with  increasing  speed  would  continue 
in  steps  up  to  the  limit  of  the  internal 
clearance  of  the  bearing.  Expansion  at 
higher  speeds  would  increase  the  loads  on 
the  outer  race,  which  would  then  help  to  re- 
sist expansion  by  applying  restoring  forces 
through  the  balls. 

These  hypotheses  were  tested  by  com- 
puter simulation,  using  a  mathematical 
model  of  the  dynamics  of  the  pump  rotor 
with  various  amounts  of  eccentricity.  Al- 


though this  simulation  predicted  vibrations 
similar  to  those  observed,  it  was  con- 
sidered inconclusive  because  of  inade- 
quacy of  the  part  of  the  model  that  repre- 
sented the  pump  housing.  Therefore, 
experiments  were  conducted  and  correlat- 
ed with  the  results  of  the  simulation.  The 
experimental  plots  of  vibration  amplitude 
with  speed  showed  the  effects  of  the  pos- 
tulated step-by-step  expansion,  and  the  ob- 
served increase  in  vibration  amplitude  with 
speed  was  approximately  equal  to  that  of 
the  simulation  for  a  realistic  range  of  ec- 
centricity of  the  inner  race. 

This  work  was  done  by  David  G. 
Goggin  and  Robert  A.  Dweck  of  Rockwell 
International  Corp.  for  Marshall  Space 
Flight  Center.  "SSME  HPOTP— Cracked 
Bearing  Inner  Race  Rotordynamic  Model. 
MFS-29656/TN 
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Borescope  Device  Takes  Impressions  in  Ducts 

The  device  can  be  maneuvered  around  curves  and  used  in  otherwise  inaccessible  locations. 


A  maneuverable  device  built  around  a 
borescope  is  equipped  to  make  impression 
molds  of  welded  joints  in  the  interior  sur- 
faces of  ducts.  The  molds  are  then  exam- 
ined to  determine  the  degrees  of  mismatch 
in  the  welds.  The  use  of  the  device  is  fairly 
easy  and  requires  little  training. 

The  device  (see  figure)  is  inserted  in  a 
duct,  and  color-coded  handles  on  the  ends 
of  cables  can  be  used  to  articulate  the 
head  to  maneuver  around  corners.  View- 
ing the  inner  wall  of  the  duct  through  the 
borescope,  the  technician  aligns  the  de- 
vice with  the  weld  joint  to  be  inspected.  An 
airbag  wrapped  around  the  head  is  inflated 
to  expand  it  against  the  interior  surface  of 
the  duct  and  hold  the  device  in  place. 

Before  insertion,  the  mold  material  —  a 
plastic  material  that  has  a  consistency  like 
that  of  modeling  clay  or  stiff  putty  —  is 
tethered  on  an  elastic  tube  that  surrounds 
a  perforated  platen  cylinder.  Once  the  de- 
vice is  held  at  the  inspection  position,  the 
cylinder  is  pressurized  to  inflate  the  elastic 
tube  and  press  the  mold  material  against 
the  weld  joint.  After  taking  the  impression, 
the  inspector  depressurizes  the  cylinder, 
then  depressurizes  the  airbag,  and  then 
withdraws  the  device  from  the  duct.  A  re- 
dundant, tethered  steel  cable  can  be  used 
to  withdraw  the  device,  if  necessary,  and 
prevents  the  loss  of  any  part. 


The  Borescope  and  the  Articulating  Cables  enable  the  inspector  to  identify  the  surface  to  be 
inspected  and  to  maneuver  the  head  around  corners  to  reach  the  inspection  position. 


This  work  was  done  by  Gene  E. 
Morgan  and  Gerald  E.  Dyer  of  Rockwell 
International  Corp.  for  Marshall  Space 
Flight  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application   has  been   filed. 


Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Marshall  Space  Flight 
Center.  Refer  to  MFS-29491/TN. 
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Measuring  Changes  in  Dimensions  of  Turbine  Blades 

A  mechanical  fixture  and  electronic  gauge  probe  the  surface 
before  and  after  fabrication  processes. 


An  assembly  of  commercially  available 
devices  measures  changes  in  the  dimen- 
sions of  an  irregularly  shaped  part.  The 
assembly  was  developed  specifically  to 
measure  the  thickness  of  material  added 
to  or  removed  from  the  surface  of  a  turbine 
blade  during  fabrication  processes. 

The  part  to  be  measured  is  clamped  at  a 
preset  torque  (by  means  of  a  torque 
wrench)  in  a  vise  on  a  rotary  table  and 
turned  to  face  the  mechanical  probe  of  an 
electronic  depth  gauge  (see  figure).  The 
probe  is  mounted  on  a  three-axis  transla- 
tion stage,  the  translating  micrometer  of 
each  axis  of  which  has  a  precision  of 
±0.0005  in.  (±13  ujn).  The  translation 
stage  is  adjusted  until  the  probe  touches 
the  surface  of  the  part  at  the  desired  point. 
The  operator  records  the  angle  of  the 
rotary  table,  the  settings  of  the  translation- 
stage  micrometers,  and  the  reading  of  the 
electronic  depth  gauge.  The  operator  repo- 
sitions the  probe  to  many  different  spots  on 
the  surface  of  the  part,  recording  the 
readings  at  each  spot. 

The  part  is  processed  —  with  its  clamp- 
ing surfaces  protected  so  that  they  are  not 
coated  or  milled,  then  returned  to  the  vise 
and  clamped  in  place  at  the  same  preset 


torque.  The  operator  sets  the  rotary  table 
at  its  previous  angles  and  returns  the  probe 
to  each  previously  selected  point  on  the 
surface  of  the  part.  Again,  the  operator 
records  the  indications  of  the  electronic 
depth  gauge.  The  difference  between  the 
second  and  first  readings  at  each  point 


Probe 


reveals  the  change  in  thickness  at  each 
spot. 

This  work  was  done  by  William  H. 
Woodford  of  Martin  Marietta  Corp.  for 
Marshall  Space  Right  Center.  No  fur- 
ther documentation  is  available. 
MFS-28338/TN 


Display  Unit 
of  Electronic 
Depth  Gauge 


Turbine 
Blade 


Rotary 
Table 


Dial  of 
Rotary  Table 


Bolts  Set  to 
Clamping  Torque 


A  Turbine  Blade  Clamped  on  a  Rotary  Table  is  touched  by  the  probe  of  an  electronic  depth 
gauge.  Positioned  by  the  micrometers  of  a  three-axis  translation  stage,  the  probe  just 
touches  the  blade. 
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Optical  Arc-Length  Sensor  for  TIG  Welding 

The  length  of  the  arc  would  be  measured  instead  of  inferred  from  voltage. 


A  proposed  subsystem  of  a  tungsten/in- 
ert-gas (TIG)  welding  system  would  meas- 
ure the  length  of  the  welding  arc  optically. 
At  present,  the  length  of  the  arc  is  inferred 
from  the  arc  voltage,  which  depends  on 
the  welding  current,  the  content  (including 
contamination)  of  the  purging  gas,  and  the 
condition  of  the  tip  of  the  welding  elec- 
trode. It  is  necessary  to  measure  the  arc 
length  to  control  it  and  thereby  assure  the 
quality  of  the  weld.  Thus,  in  present  sys- 
tems, contamination  and  variations  in 
welding  currents  and  the  flow  of  purging 
gases  are  common  causes  of  flaws  in  welds. 

In  the  proposed  subsystem,  a  video 
camera  would  view  the  welding  arc,  which 
would  be  identifiable  in  the  image  by  its  ex- 
treme brightness  or  by  its  emission  of  dis- 
crete spectral  lines  and  continuum  radia- 
tion. The  image  would  be  brought  to  the 
video  camera  by  a  bundle  of  optical  fibers 
or  by  mirrors  along  an  oblique  line  of  sight 
through  or  past  the  edge  of  the  gas  cup  of 
the  torch  (see  figure).  Asignal  related  to  the 
length  of  the  arc  would  be  obtained  from 
the  video  image  by  a  simple  optical  proc- 
essing technique  developed  for  the  recog- 
nition of  images.  The  true  length  of  the  arc 
could  be  calculated  from  this  signal  and  a 
knowledge  of  the  lenses,  angles,  and  dis- 
tances of  the  optical  train. 

7?7/s  work  was  done  by  Matthew  A.  Smith 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Right  Center.  No  further 
documentation  is  available.    MFS-29497/TN 


The  Welding  Arc  Would  Be  Viewed  by  a  video 
camera,  in  one  of  threealternativeoptical  con- 
figurations. 
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Small,  Lightweight  Welding-Current  Indicator 

A  circuit  is  wrapped  around  a  transformer  core. 


A  welding-current  indicator  will  be  made 
'  ourface-mounted  components  on  a  flex- 
ible circuit  board.  The  surface-mounted 
devices  make  it  unnecessary  to  drill  holes 
in  the  circuit  board  to  accommodate  com- 
ponent leads.  The  use  of  small  surface- 
mounted  devices  will  result  in  a  lightweight, 
compact  indicator  circuit.  To  make  the  cir- 


cuit even  more  compact,  the  flexible  circuit 
board  will  be  wrapped  around  the  trans- 
former core  used  to  sense  the  welding  cu  r- 
rent. 

The  surface-mounted  devices  are  to  be 
bonded  to  the  flexible  board  with  solder 
and/or  epoxy.  After  the  assembled  circuit 
(see  figure)  will  have  been  tested,  it  is  to  be 


wrapped  on  the  transformer  core  and  pot- 
ted in  a  medium-viscosity  room-tempera- 
ture-vulcanizing compound. 

This  work  was  done  by  Steven  W. 
Huston  of  Rockwell  International  Corp.  for 
Marshall  Space  Right  Center  No  fur- 
ther documentation  is  available. 
MFS-29622/TN 
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The  Flexible  Circuit  Board  will  hold  a  variety  of  components  on  its  surface.  After  assembly,  the  flexible  circuit  will  be  wrapped  to  fit  around  the 
transformer  core. 
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Viewing  Welds  by  Computer  Tomography 

A  computer-aided  technique  yields  images  tor  evaluation  of  welds. 


A  computer  tomography  system  is  used 
to  inspect  welds  for  root  penetration.  The 
system  offers  the  only  nondestructive  way 
to  check  penetration  from  outside  when 
the  inner  surfaces  are  inaccessible. 

A  source  illuminates  the  rotating  welded 
part  with  a  fan-shaped  beam  of  x  rays  or 
gamma  rays  (see  figure).  Detectors  in  a  cir- 
cular array  on  the  opposite  side  of  the  part 
intercept  the  beam  and  convert  it  into  elec- 
trical signals.  A  computer  processes  the 
signals  into  an  image  of  a  cross  section  of 
the  weld.  The  image  is  displayed  on  a  video 
monitor  (see  Figure  2). 

Computer  tomography  thus  provides  an 
image  of  the  interior  of  a  weld  similar  to  the 
microscopic  views  provided  by  metallurgi- 
cal sectioning.  Unlike  sectioning,  however, 
tomography  does  not  destroy  the  speci- 
men and  gives  results  almost  instantly. 

This  work  was  done  by  Antonio  G.  Pascua 
and  Jagatjit  Roy  of  Rockwell  International 
Corp.  for  Marshall  Space  Right  Center. 

-igure  1.  A  Video  Image  of  the  cross  sec- 
tion of  a  weld  results  from  computer  pro- 
cessing of  signals  from  detectors. 


No  further  documentation  is  available. 
MFS-29555/TN 


OVERVIEW  TOMOGRAPH  SHOWING  REGIONS  MARKED  FOR  ADDITIONAL  PROCESSING 


TOMOGRAPHS  OF  REGIONS  LL  (LINER  LEFT)  AND  LR  (LINER  RIGHT) 


Figure  2.  The  Computed  Tomographic  Image  of  a  weld  in  a  heat-exchanger  assembly  in- 
cludes regions  framed  for  additional  processing.  The  additionally  processed  images  for  two 
of  these  regions  (below)  show  more  detail  in  scan  planes  that  intercept  a  mounting  bolt  in  a 
threaded  cavity.  A  weld  drop-through  is  evident. 
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X-Ray  Fluorescence  Surface-Contamination  Detector 

The  x-ray  spectrum  of  a  contaminating  element  would  reveal  its  presence. 


A  proposed  x-ray  fluorescence  spec- 
trometer would  be  used  to  detect  a  thin 
layer  of  Conoco  HD-2  (or  equivalent) 
grease  on  D6-ac  steel.  Steels  are  frequent- 
ly contaminated  by  greases,  and  during 
some  manufacturing  processes  it  is  impor- 
tant to  detect  such  contamination  because 
it  can  adversely  affect  adhesive  bonding, 
painting,  and  other  surface  treatments. 

In  x-ray  fluorescence  spectroscopy,  one 
illuminates  the  specimen  with  x  rays  or 
low-energy  y  rays  and  uses  a  suitable  de- 
tector to  monitor  the  spectrum  of  the  re- 
sulting x-ray  fluorescence  emitted  by  the 
specimen.  By  a  judicious  choice  of  the 
source  of  radiation,  one  can  limit  the  analy- 
sis to  photon  energies  characteristic  of  a 
selected  range  of  atomic  species.  One  can 
also  choose  a  detector  and  filters  to  reduce 
further  the  spectral  contributions  of  back- 
ground radiation,  including  that  from 
elements  that  one  does  not  wish  to  detect. 
Then  if  the  detected  x-ray  spectrum  in- 
cludes a  portion  characteristic  of  an  ele- 
ment that  is  part  of  the  contaminant  but  not 
of  the  underlying  material,  one  can  use  the 
intensity  of  that  portion  to  infer  the  amount 
of  the  contaminant. 

In  this  case,  the  thickness  of  the  grease 
could  be  inferred  by  measuring  the  x-ray 
fluorescence  spectrum  near  the  4.09-keV 
Ka  excitation  edge  of  calcium.  The  fluores- 
cence would  be  excited  by  5.9-keV  and 
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X-Ray  Photons  From  the  Fe55  Source  would 
cause  calcium  in  the  grease  to  emit  lower 
energy  photons^  some  of  which  would  strike 
the  detector. 


6.5-keV  x  rays  that  result  from  electron 
capture  in  a  radioactive  Fe55  source.  The 
source  would  be  a  disk  mounted  concentri- 
cally and  flush  with  the  face  of  a  disk- 
shaped  lithium-drifted  silicon  x-ray  detec- 
tor (see  figure). 

The  source-and-detector  assembly 
would  be  mounted  on  a  remote  manipulator 
with  other  contamination-detecting  equip- 
ment and  scanned  across  the  surface  of 
the  specimen.  The  output  of  the  detector 
would  be  fed  through  a  coaxial  cable  to 
standard  pulse-height-analyzing  equip- 
ment and  processed  further  by  a  small 
computer  to  obtain  the  x-ray  energy  spec- 
trum. A  Monte  Carlo  numerical  simulation 
has  shown  that  if  a  layer  of  grease  100  A 
thick  (about  10  mg/m2)  were  illuminated  by 
a  1 -curie  Fe55  source,  it  would  produce  a 
counting  rate  of  1  photon  per  second  at  the 
calcium  peak.  If  the  count  could  be  pro- 
longed for  an  hour,  the  precision  of  the 
measured  calcium  peak  would  be  1.7  per- 
cent. 

This  work  was  done  by  Hudson  B. 
Eldridge  of  the  University  of  Central 
Arkansas  and  Ralph  Carruth  of  Marshall 
Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-27222/TN. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Bulletin  Number  709 


Improved  Process  for  Preparing  Transition-Metal  Nitride 
Whiskers 


Key  words:  Titanium  nitride  whiskers;  whisker- 
reinforced  ceramics;  ceramic  composites 


Titanium  nitride  is  a  promising  material  for 
commercial  use  because  of  its  hardness,  high 
melting  point,  high  electrical  conductance,  and 
stability  at  high  temperatures  in  inert  atmospheres. 
Titanium  nitride  can  be  produced  in  the  form  of 
"whiskers"  (Fig.  1),  which  are  single  crystals 
having  desirable  properties  for  industrial 


applications.  For  example,  the  whiskers  may  be 
used  to  reinforce  advanced  ceramics  by  mixing 
them  with  the  appropriate  compatible  powders 
(such  as  silicon  carbide  or  silicon  nitride).  The 
mixtures  can  then  be  molded  and  sintered  to 
make  composites  in  the  form  of  monoliths  or 
complicated  parts. 

A  new  process  for  preparing  high-quality  titanium 
nitride  whiskers  has  been  developed  at  ORNL. 
This  process  produces  a  high  yield  and  requires 
relatively  inexpensive  and  easily  available  starting 


Fig.  1.  Titanium  nitride  whiskers  magnified  about  10  times.  The  longest  of  the  whiskers  shown  is 

about  2.5  mm  (0.1  in.)  in  length. 
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Fig.  2.  Typical  device  for  producing  titanium  nitride 
whiskers  by  the  improved  process.  A  mixture  of 
sodium  titanate  powder  and  sodium  cyanide  powder 
in  the  crucible  reacts  when  heated  to  about  1000°C 
and  sparged  by  a  cover  gas  (preferably  nitrogen). 


materials.  The  only  previously  known  methods  are 
based  on  high-temperature  gas-phase  reactions 
that  produce  low  yields  and  require  careful 
handling  of  both  the  reactant  gases  and  the 
hydrochloric  acid  by-product. 

The  new  method  should  be  efficient  and 
economically  feasible  for  commercial  use  (Fig.  2). 
It  involves  reacting  easily  obtained,  inexpensive 
materials  (sodium  titanate  powder  and  sodium 
cyanide  powder)  at  about  1000  C.  The  whiskers 
produced  by  this  method  have  an  aspect  ratio 
between  30  and  50  (50  to  2500  urn  long  and  0.1  to 
5  urn  diam).  The  length  of  the  whiskers  can  be 
governed  by  controlling  the  ratio  of  the  reactants 
or  by  partial  or  complete  substitution  of  potassium 
cyanide  for  sodium  cyanide. 


« 


C.  E.  Bamberger,  P.  Angelini,  and  T.  A.  Nolan, 
"  Formation  of  TiN  Whiskers  by  Reaction  of  Sodium- 
Titanium  Bronze  with  Molten  Sodium  Cyanide, "J.  Am. 
Ceram.  Soc.  72(4),  587-92  (1989). 

C.  E.  Bamberger,  D.  W.  Coffey,  and  T.  A.  Nolan, 
"  Formation  of  TiN  Whiskers  from  Oxide-Containing 
Cyanide  Melts,"  J.  Mater.  Sci.  (submitted). 


Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
FEDC,  P.  O.  Box  2009 
Oak  Ridge,  TN  37831-8218 


Telephone:  (615)  574-4192;  FTS  624-4192 
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Ames  Laboratory 


MAGNETOSTRICTIVE  MATERIALS 


Transducers  are  used  in  a  variety  to  applications  to  convert  electrical  energy  into 
mechanical  force.   Ames  Laboratory  scientists  have  developed  a  new  transducer  material  that 
produces  mechanical  motions  by  means  of  magnetostriction,  thus  improving  significantly  upon 
conventionally  used  piezoceramic  and  electrostrictive  materials.   Applications  for  these 
magnetostrictive  materials  range  from  sonar  and  micropositioning  devices  to  hydraulics,  valve 
and  fuel  injection  systems,  and  robotics. 

The  new  material,  Terfenol-D,  is  fabricated  by  a  process  known  as  directional 
solidification,  whereby  Terfenol  crystals  align  themselves  parallel  to  the  axis  of  the  rod. 
This  process  produces  near  the  maximum  possible  1  values  in  this  material.  The  1  values  are  in 
the  range  of  1700  to  2000  ppm  and  are  by  far  the  largest  values  of  1  for  any  known  material  at 
room  temperature  and  above. 

Unlike  piezoelectric  transducers,  which  have  high  electrical  impedences  at  low 
frequencies,  Terfenol-D  is  ideal  for  producing  powerful  mechanical  vibrations  below  1  kHz. 
Also,  users  of  Terfenol-D  do  not  have  to  contend  with  the  very  high  electric  fields  that  can 
cause  arcing  in  piezoceramic  and  electrostrictive  devices. 

At  room  temperature,  the  length  of  a  10-inch  rod  of  Terfenol  can  grow  by  .020  inches  in 
microseconds  when  practical  fields  are  applied.  Such  strains  are  -40  times  greater  than  the 
earlier  and  widely-used  magnetostrictive  materials  such  as  nickel,  and  -10  times  greater  than 
that  of  conventional  piezoelectric  materials  such  as  PZT.  Terfenol-D  also  responds  within 
microseconds;  the  conventional  lag  times  that  one  finds  in  a  mechanical  system  is  substantially 
reduced.  Because  Terfenol-D  changes  its  shape  due  to  atomic  forces,  it  can  accommodate 
tremendous  loads;  strains  of  over  2000  ppm  are  achievable. 

With  Terfenol-D,  the  conversion  of  electrical  energy  to  mechanical  energy  occurs 
efficiently,  with  magnetomechanical  coupling  factors  greater  than  0.7.  Terfenol-D  transmits 
extraordinary  amounts  of  energy  per  unit  volume.  Its  high  energy  density  leads  to  substantial 
size  and  weight  reductions  of  transducer  elements. 

Because  of  these  properties,  Terfenol  has  a  potentially  broad  and  significant  impact  on 
industrial  processing  and  control,  for  both  commercial  and  military  sectors.  The  efficiency, 
energy  savings  and  capabilitites  that  Terfenol-D  provides  could  result  in  important  economic 
benefits. 

Literature:  J.  D.  Verhoeven,  E.  D.  Gibson,  O.  D.  McMasters,  and  H.  H.  Baker,  Metallurgical 

Transactions,  Vol.  18A,  p.  223-231,  1987 

Patent/License  Status:  U.S.  Patent  No.  4,609,402,  U.S.  Patent  No.  4,770,704,  and  U.S.  Patent  No. 

4,849,034.  Licensed  to  Edge  Technologies,  Inc.,  Ames,  IA. 

Potential  Application/Spinoffs:  Sonic  and  ultrasonic  applications,  active  structures  and 

robotics,  power  transmissions. 

For  More  Information  on  this  Technology:  Contact  Daniel  E.  Williams,  Office  of  Research  and 

Technology  Application,  Ames  Laboratory,  119  Office  and  Laboratory,  Iowa  State  University, 

Ames,  Iowa  50011  (515)294-2635. 
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Technology  Application 


Oak  Ridge  National  Laboratories 
Bulletin  Number  711 


New,  Safe  Curing  Agents  for  Thermosetting  Resins 


Key  words:  Asilamine  aromatic  diamine; 
methylenedianiline;  curing  agent;  thermosetting 
resins;  polyurethane;  epoxy 

Asilamine  aromatic  diamine  curing  agents,  a 
family  of  medium-viscosity  liquids,  are  safe  and 
useful  replacements  for  methylenedianiline  (MDA) 
in  the  curing  of  thermosetting  resins.  The 
superior  properties  of  the  Asilamine  aromatic 
diamine  curing  agents  result  from  the  type  of 
alkyl  substitution  on  the  aromatic  rings.  The 
primary  application  of  these  agents  is  in  curing 
medium-strength  (but  very  tough)  room- 
temperature  adhesives  used  to  bond  various 
combinations  of  metals,  ceramics,  glasses, 
and  polymers. 

MDA  is  the  subject  of  regulation  as  a  carcinogen 
by  the  Occupational  Safety  and  Health 
Administration  (OSHA)  and  has  a  history 
of  occupational  poisonings.  Handling  MDA  will 
be  more  difficult  under  the  OSHA  regulations, 
and  the  processes  using  MDA  will  be  more 
expensive  to  perform.  Laboratory  tests  of 
Asilamine  aromatic  diamine  curing  agents  have 
shown  them  to  be  nonmutagenic  and  to  have 
very  low  acute  toxicity. 

These  agents  are  well  suited  to  replace  MDA 


as  curing  agents  for  thermosetting  resins  in 
applications  such  as  adhesives,  coatings, 
encapsulants,  and  cast  elastomers.  For  example, 
polyurethanes  cured  with  Asilamine  aromatic 
diamine  cure  at  room  temperature  and  have  pot 
lives  ranging  from  a  few  seconds  to  30  min  or 
more,  yielding  products  usable  over  a  broad 
temperature  range  (-50  to  +180  C ).  Epoxy 
resins  cured  with  Asilamine  agents  are  elevated- 
temperature-curing  systems  having  very  long 
(>24-h)  pot  lives,  high  glass-transition 
temperatures  (to  180  C),  and  good  toughness. 
These  epoxy  systems  are  useful  in  adhesives, 
coatings,  encapsulants,  cast  plastics,  and 
especially  filament-winding  applications. 

No  further  documentation  is  available  for 
this  technology. 

Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems.  Inc. 
FEDC,  P.  O.  Box  2009 
Oak  Ridge,  TN  37831-8218 

Telephone:  (615)  574-4192;  FTS  624-4192 
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Technology  Application 


Sandia  National  Laboratory 

REMS  Method  Aids  in  Making  Advanced  Semiconductors 


A  technique  for  monitoring  and  precisely  controlling 
the  composition  of  advanced  semiconductor  materials  as 
they  are  being  made  is  being  developed  at  Sandia 
National  Laboratories.  It  allows  researchers  to  optimize 
growth  of  many  semiconductor  materials. 

The  technique  involves  making  in-situ  real-time 
measurements  as  compound  semiconductor  materials 
are  being  grown  layer  by  layer  by  the  method  of  molec- 
ular beam  epitaxy  (MBE),  used  for  making  advanced 
semiconductors. 

In  MBE,  molecules  impinge  on  a  surface,  and  con- 
dense to  form  the  growing  crystal.  Depending  on  the 
temperature,  composition,  and  reactivity  of  the  surface, 
however,  some  fraction  of  the  molecules  generally  do  not 
condense,  but  "reflect"  from  the  surface.  That  fraction  is 
extremely  sensitive  to  the  state  of  the  growing  surface, 
for  example,  composition  and  temperature. 

The  Sandia  researchers  measure  those  reflected 
fluxes,  using  line-of-sight,  "reflection"  mass  spectrome- 
try (REMS).  In  this  way,  they  extract  information  about 
newly  forming  surfaces  that  may  be  dynamically  chang- 
ing as  a  result  of  growth. 

Most  direct  way  of  measuring 

For  example,  during  growth  of  indium  gallium 
arsenide,  three  molecular  species  impinge  on  the  surface. 
However,  a  significant  fraction  of  the  arsenic,  which  is 
volatile,  tends  to  reflect.  That  fraction  depends  on  the 
relative  amount  of  indium  and  gallium  at  the  surface, 
and  hence  can  be  used  to  deduce  the  composition  of  the 
growing  crystal. 

"REMS  is  the  most  direct  way  of  measuring  and 
understanding  surface  chemistry  during  gallium- 
arsenide-based  molecular  beam  epitaxy,"  says  Sandia 
physicist  Jeffrey  Y.  Tsao.  "The  spectrometer  is  simple  to 
implement,  yet  is  a  powerful  real-time  growth  diagnos- 
tic." 

Tsao  is  developing  the  method  along  with  Thomas 
Brennan,  assisted  by  Gene  Hammons  and  John  Klem. 

"It  looks  like  this  will  be  a  practical  engineering  tool, 
not  just  a  purely  scientific  one,  for  making  better  films," 
says  Harry  T.  Weaver,  supervisor  of  Sandia's  Device 
Research  Division. 

The  researchers  are  all  associated  with  Sandia's  new 
Center  for  Compound  Semiconductor  Technology,  es- 
tablished recently  to  develop  the  next  generation  of 
electronic   and   optoelectronic   devices    based   on   com- 
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pound  semiconductors.  Compound  semiconductors — 
made  from  two  or  more  elements — offer  very  high 
speeds,  higher  temperature  operation,  efficient  optical 
coupling,  and  other  advantages  over  silicon  semiconduc- 
tors. They  underlie  future  electronic,  optoelectronic,  and 
photonic  technologies. 

Molecular  beam  epitaxy  is  used  to  create  sophisti- 
cated semiconductor  crystals  one  layer  at  a  time  by 
impinging  a  stream  of  atoms  or  molecules  onto  a  heated 
single-crystal  surface,  where  they  react.  MBE  is  rou- 
tinely used  to  fabricate  advanced  semiconductor  de- 
vices, but  many  fundamental  aspects  of  the  growth 
process  are  not  understood.  Furthermore,  the  surface 
reactions  and  changing  composition  of  these  materials 
during  their  growth  by  MBE  are  very  difficult  to  mea- 
sure, let  alone  control. 

The  use  of  the  REMS  technique  in  conjunction  with 
MBE  allows  instantaneous  surface  chemical  reactivity 
to  he  deduced. 

The  only  existing  in-situ  method  of  monitoring 
surface  conditions  during  epitaxy  is  based  on  electron 
diffraction.  This  method,  called  reflection  high-energy 
electron  diffraction  (RHEED),  has  been  very  useful,  but 
it  is  limited  to  physical,  or  structural,  aspects  of  MBE. 
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Probes  chemistry  of  MBE 

The  REMS  technique  being  applied  at  Sandia  pro- 
vides complementary  insight  into  chemical  (reactive) 
aspects  of  MBE. 

For  some  alloys  the  existing,  RHEED  method  may 
be  sufficient.  But  Tsao  says  new,  more  complicated 
compounds  require  much  more  precise  control  of  com- 
position. The  REMS  technique  may  be  crucial  for  new, 
very  complex  alloys  made  of  three  elements  from  col- 
umns III  and  V  of  the  periodic  table,  compounds  such  as 
indium  gallium  arsenide  (InGaAs).  "With  these  very 
complex  ternary  alloys,  composition  control  becomes 
very  important,"  says  Tsao.  "So  having  an  on-line  pro- 
cess monitor  becomes  very  important." 

The  same  is  true  for  very  thin  strained-layer 
superlattice  structures,  developed  at  Sandia  in  the  1980s 
as  a  way  of  creating  new  materials  combinations  and 
now  coming  into  wider  use. 

So  far  the  Sandia  scientists  have  used  the  REMS 
technique  to  make  a  number  of  demonstrations  of  how  it 
can  be  used  in  MBE.  These  studies  have  resulted  in 
several  scientific  publications.  But  the  technique  is  not 
yet  being  used  routinely  in  day-to-day  fabrication  of 
advanced  semiconductor  devices.  "We  are  at  the  stage  of 
demonstrating  the  technique,"  Tsao  says. 

The  control  offered  is  considerable.  "Right  now  we 
can  probably  control  composition  to  within  5  percent," 
he  says. 

The  REMS  technique  offers  several  other  advan- 
tages as  well.  It  can  be  used  while  the  semiconductor 
wafer  is  being  rotated  in  the  MBE  chamber.  This  is  a 
more  typical  condition  during  MBE.  Electron  diffrac- 
tion cannot  be  used  while  the  wafer  is  rotating. 

Another  advantage  is  temperature  flexibility.  Elec- 
tron diffraction,  which  is  sensitive  to  surface  roughen- 
ing, is  usually  useful  only  at  lower  temperatures.  Mass 
spectrometry  doesn't  have  that  limitation.  "We  can 
make  the  measurements  at  any  temperature,"  says  Tsao. 


May  have  science  role  too 

Furthermore,  the  technique  isn't  just  useful  as  a 
process  monitor.  Tsao  points  out  that  there  is  a  role  that 
REMS  can  fulfill  in  science  as  well  as  in  engineering. 
"There  is  a  lot  of  chemistry  going  on  during  III-V  MBE 
that  is  really  not  understood,"  he  says.  "This  is  just  the 
tip  of  the  iceberg  regarding  the  science  questions." 
REMS  may  be  able  to  help  address  some  of  them. 

As  for  semiconductor  fabrication  with  MBE,  REMS 
appears  to  be  a  very  useful  tool,  but  Tsao  doesn't  expect 
rapid  adoption  of  the  technology.  Crystal  growers  nec- 
essarily have  to  be  conservative — "they  have  a  lot  of 
people  breathing  down  their  necks  for  crystals,"  and  the 
crystals  have  to  be  done  right.  As  a  result,  they  are 
understandably  cautious  about  adopting  new  methods. 

For  that  reason  he  expects  it  may  be  some  time 
before  reflection  mass  spectrometry  gets  accepted,  espe- 
cially as  a  routine  semiconductor  fabrication  tool. 
He  expects  acceptance  will  happen  first  with 
materials — such  as  new  compound  semiconductor  mate- 
rials made  of  aluminum  gallium  arsenide,  indium 
gallium  arsenide,  or  indium  antimonide  arsenide — where 
composition  control  is  very  difficult  and  critical. 

Tsao  and  the  other  researchers  are  in  various  divi- 
sions of  Sandia's  Compound  Semiconductor  and  Device 
Research  Department.  o 
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Technology  Application 


Ames  Laboratory 


TECHNIQUE  FOR  PRODUCING  HIGH  STRENGTH  COPPER  ALLOYS 


Advanced  technological  products  such  as  rocket  motor  casings  or  high  field  magnets  require 
materials  that  have  both  high  strength  and  superior  thermal  and  electrical  conductivity 
properties. 

Ames  Laboratory  metallurgists  have  developed  a  remarkable  copper  alloy  for  such 
applications.  Compared  to  the  highest  strength  commercial  alloy  (copper-beryllium),  the 
Ames  Lab  material  maintains  the  same  strength  and  has  twice  the  electrical  conductivity.  The 
new  alloy  is  also  an  excellent  mold  material  for  continuous  casting  of  steel,  electrical  contacts  in 
subway  trains,  and  capacitors. 

The  idea  for  a  copper-niobium  composite  grew  out  of  Ames  Laboratory  basic  research 
studies.  That  research  dealt  with  solidification  characteristics  of  copper-niobium  alloys  and 
resulted  in  the  development  of  consumable  arc  techniques  for  scaling  up  the  process.  The 
technique  used  for  making  the  copper-niobium  alloy  involves  the  following: 

An  electric  arc  is  formed  between  an  electrode  made  of  copper  and  niobium  and  the  cylinder 
into  which  the  electrode  melts.  This  process  distributes  the  niobium  uniformly  in  what  is  called 
a  dendrite  pattern.  When  the  material  has  cooled,  it  is  drawn  down  in  size.  This  mechanical 
process  has  the  effect  of  elongating  the  niobium  material.  The  thinner  and  longer  the  filaments 
are  stretched,  the  stronger  the  material  becomes. 

The  alloy  recently  was  fabricated  into  wire  by  Supercon,  Inc.,  of  Shrewsbury, 
Massachusetts,  and  then  used  to  build  a  new  type  of  pulsed  magnet  for  the  National  Magnet 
Laboratory  at  the  Massachusetts  Institute  of  Technology.  The  magnet  broke  all  records  by 
generating  a  magnetic  field  intensity  of  68  Tesla. 


Literature:  J.  D.  Verhoeven,  F.  A.  Schmidt,  E.  D.  Gibson  and  W.  A.  Spitzig,  Journal  of  Metals, 

Vol  38,  Sept.  1986,  pp.  20-24. 

Patent/License  Status:  U.S.  Patent  No.  4,532,703,  U.S.  Patent  No.  4,600,448,  and  U.S.  Patent  No. 

4,770,704. 

Potential  Applications/Spinoffs:  Applications  requiring  both  high  strength  and  electrical 

conductivity,  such  as  electrical  spring  contactors,  welding  electrodes,  rocket  casings,  high 

current  magnet  windings,  etc. 

For  More  Information  on  this  Technology:  Contact  Daniel  E.  Williams,  Office  of  Research  and 

Technology  Application,  Ames  Laboratory,  119  Office  and  Laboratory,  Iowa  State  University, 

Ames,  Iowa  50011  (515)294-2635. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Low-Alloy  Steel  Standards  Available  for  Producers 


Two  new  standard  reference  materials  (SRMs)  are  available  from  NIST  for  producers  to  use  in 
determining  the  carbon  and  sulfur  content  in  metals.  The  SRMs  should  be  particularly  useful 
in  calibrating  automated  combustion  analyzer  systems  as  well  as  for  other  quality  control 
procedures,  including  specification  testing  to  meet  industry  and  government  requirements. 
The  low-alloy  steel  standards  are  in  the  form  of  pins  that  are  4  millimeters  in  diameter,  12 
millimeters  in  length,  and  approximately  1  gram  each  in  weight.  SRM  2159  is  certified  for 
0.016  percent  of  carbon  and  0.0023  percent  sulfur  by  weight,  and  SRM  2160  is  certified  for 
0.584  percent  carbon  and  0.012  percent  sulfur  by  weight. 

FOR  ADDITIONAL  INFORMATION:  SRMs  2159  and  2160  are  available  in  units  of  200 
grams  for  $200  from  the  Standard  Reference  Materials  Program,  Rm.  204,  Bldg.  202,  NIST, 
Gaithersburg,  Md.  20899;  telephone:  301/975-OSRM(6776),  FAX:  301/948-3730. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburq,  MP  20899 

Tensile  Properties  of  Indium  Determined 


Indium,  the  softest  metal  known  that  is  stable  in  air,  and  its  allows  are  used  in  many  high-technology  applications 
because  their  excellent  wetting  properties  enable  reliable  joining  of  glass,  ceramics,  and  metals.  Indium  is  also  a 
superconductor  below  about  3.4  K.  Curiously  for  an  engineering  material,  there  are  no  data  on  its  mechanical 
strength  in  tension.  NIST  has  performed  extensive  tensile  tests  on  99.99  wt%  pure  indium,  cast  in  a  nitrogen 
atmosphere  into  cylindrical  tensile  specimens  of  13-mm  reduced-section  diameter.  The  specimens  were  tested 
at  4,  10,  76,  and  295  K.  Some  specimens  were  studied  metallographically  before  and  after  testing  to  determine 
characteristics  such  as  grain  size  and  precipitate  structure,  mode  of  failure,  and  rccrystallization.  Data  on  the  yield 
strength,  tensile  strength,  elongation,  and  reduction  in  area  are  given  in  "Tensile  Strength  and  Ductility  of  Indium," 
published  in  Materials  Science  and  Engineering  A,  102(1988). 

FOR  ADDITIONAL  INFORMATION:  Copies  of  the  paper,  no.  15-90  are  available  from  Jo  Emery,  Div.  104, 
NIST,  Boulder,  Colo.  80303;  (303)497-3237. 
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Chemical  Modification  of  Wood 

A  worldwide  team  of  scientists,  led  by  Roger  Rowell  of  the 
Forest  Products  Laboratory  (FPL),  is  currently  study- 
ing the  chemical  modification  of  wood  and  reconstituted 
wood  products.  Studies  on  improving  wood  properties 
through  chemistry  began  at  the  FPL  in  the  late  1930s. 
They  were  expanded  in  1972,  with  the  advent  of  new 
technology,  improved  analytical  instrumentation,  and 
environmental  concerns  for  toxic  methods  of  wood 
protection. 

Rowell  and  others  established  that  chemical  modification 
of  solid  wood  by  epoxidation  or  acetylation  greatly  im- 
proved dimensional  stability.  Stability  improves  because 
these  procedures  bond  chemicals  to  the  cell  wall  poly- 
mers, resulting  in  bulking. 


Roger  Rowell  with  acetylated  flakeboard  samples  at 
Chalmers  University,  Goteberg,  Sweden. 

Chemically  modified  wood  swells  nearly  to  its  green  di- 
mensions so  little  additional  swelling  occurs  when  the 
modified  wood  gets  wet.  Modification  of  solid  wood 
with  anhydrides,  epoxides,  and  isocyanates  has  reduced 
swelling  as  much  as  75  percent  at  bonded  chemical  weight 
gains  of  20  to  25  percent.  The  process  also  produces 
biological  resistance  when  the  bonded  chemical  is  dis- 
tributed in  the  polymers  that  marine  organisms,  ter- 
mites, and  decay  fungi  attack. 

The  FPL  modification  methods  developed  for  solid  wood 
apply  directly  to  reconstituted  wood  products  because 
standard  operating  procedures  in  the  composite  panel 
industry  are  exactly  those  required  for  successful  chem- 
ical modification.  They  are  dry  wood  materials,  spray 
chemical  addition  for  maximum  distribution,  small  sam- 
ple size  for  good  distribution,  and  high  temperature  and 
pressure  in  product  formation. 


In  tests  using  southern  pine,  aspen,  and  Douglas-fir 
flakes,  acetylation  reduced  thickness  swelling  by  85  to  90 
percent  in  flakeboards  made  from  the  acetylated  flakes. 
Repeated  water  soaking/ovendrying  tests  showed  that 
both  epoxidation  and  acetylation  decreased  both  re- 
versible and  irreversible  (springback)  swelling  in  flake- 
board  as  compared  to  untreated  boards.  (Springback  oc- 
curs when  residual  compressive  stresses  imparted  during 
the  pressing  process  are  released.) 
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Rate  of  swelling  in  liquid  water  of  aspen  flakeboard  made 
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Particleboards  made  from  acetylated  chips  also  show 
greatly  improved  resistance  to  tunneling  bacteria  and 
brown-,  white-,  and  soft-rot  decay  fungi  as  well  as  de- 
creased hygroscopicity.  The  greatest  potential  for  chemi- 
cal modification  appears  to  be  in  dimensionally  stable, 
biologically  resistant  wood  composite  products,  whose 
commercial  application  could  be  very  large.  This  and 
other  ongoing  research  brings  FPL  scientists  together 
with  scientists  in  many  other  countries,  including  China, 
Sweden,  Finland,  Poland,  the  United  Kingdom,  Den- 
mark, France,  Germany,  New  Zealand,  Australia,  and 
Japan,  in  studies  on  acetylation  and  other  chemical  mod- 
ification techniques. 

For  additional  information,  contact: 
Roger  Rowell,  Research  Chemist 
Forest  Products  Laboratory 
One  Gifford  Pinchot  Drive 
Madison,  WI  53705-2398 
(608)  231-9416 
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Fiber  and  Particle  Products 


Composite  Structural  Lumber 


Composite  joists,  plates,  and  2  by  6  studs  were  used  in  the 
1982  NAHB  Research  Foundation  demonstration  house. 

Traditional  lumber  and  plywood  production  methods 
waste  timber,  using  only  about  half  the  volume  of  the 
logs  brought  to  the  mill  and  less  than  a  third  of  the  ac- 
tual volume  of  the  harvested  trees.  The  industry  also 
faces  problems  of  increased  costs  and  smaller  diameter, 
knottier  trees  to  process.  The  declining  quality  of  raw 
material  results  in  decreased  allowable  stress  values  for 
the  lumber  and  plywood  produced  from  smaller  trees. 

Lumber  made  from  composite  materials  addresses  these 
concerns.  Composites  combine  two  or  more  materials 
with  different  properties  to  produce  a  product  with  prop- 
erties superior  to  those  of  the  components.  Scientists 
at  the  Southeastern  Forest  Experiment  Station  used  this 
approach  when  they  began  work  on  composite  structural 
materials  in  1974. 

The  initial  goal  of  the  research  was  to  produce  a  com- 
posite stud  for  residential  construction  that  would  utilize 
100  percent  of  the  volume  of  a  timber  stand.  Researchers 
envisioned  a  product  that  combined  high-quality  veneer 
peeled  from  the  better-quality  trees  with  particleboard 
made  from  the  knotty,  upper  logs  and  lower-value,  small, 
crooked  trees  that  would  normally  be  left  in  the  woods. 
Both  hardwood  and  softwood  species  would  be  used  in 
the  composite  stud,  increasing  stand  utilization. 

Many  southeastern  timber  species  were  considered  as  po- 
tential veneer  components.  Species  were  evaluated  on 
their  availability,  veneer  grade/yield  characteristics,  glu- 
ability,  modulus  of  elasticity,  modulus  of  rupture,  and 
fastener   compatibility   (primarily  nail   withdrawal   and 


lateral  load).  Studies  found  southern  pine,  yellow-poplar, 
sweetgum,  blackgum,  and  white  oak  veneers  to  be  suit- 
able for  use  in  composite  studs. 

Research  on  the  species-dependent  characteristics  of  the 
particleboard  core  was  not  extensive.  Both  yellow-poplar 
and  sweetgum  provided  a  suitable  furnish  for  the  parti- 
cleboard component.  The  critical  characteristic  for  any 
species  was  having  less  than  12  percent  thickness  swell 
after  a  24-hour,  cold-water  soak. 

Builders  and  industry  responded  favorably  to  compos- 
ite studs  produced  in  a  pilot  plant  run  in  1974.  This 
led  to  further  research  developing  and  testing  composite 
joists  and  composites  intended  for  light-frame  trusses. 
The  study  also  determined  the  treatability,  long-term 
durability,  and  fire  resistance  of  the  composites.  Gen- 
erally, composite  structural  lumber  compared  very  favor- 
ably with  traditional  sawn  lumber  for  all  construction 
uses. 

Among  the  many  combinations  of  veneers  and  flakeboard 
cores  tested,  a  fully  oriented  flakeboard  core  material 
with  excellent  mechanical  properties  was  the  outstand- 
ing development.  Composite  joists  formed  with  this  core 
material  nearly  equalled  the  modulus  of  elasticity  of  com- 
monly used  structural  grades  of  sawn  lumber. 

Composite  structural  lumber  has  many  advantages.  It 
has  extremely  uniform  strength  and  stiffness  properties, 
is  almost  warp  free,  and  stays  warp  free  after  weathering 
or  treating  with  waterborne  preservatives.  The  desired 
length  and  width  of  composite  lumber  can  be  economi- 
cally produced  regardless  of  the  size  of  the  trees  available. 
Since  many  species  can  be  used  almost  interchangeably, 
essential  complete  utilization  of  timber  stands  is  feasible. 

Interest  in  composite  structural  products  continues.  A 
commercial  plant  was  built  in  Roxboro,  North  Carolina, 
in  1986  to  produce  composite  joists  and  truss  lumber. 
Although  research  terminated  in  1986,  the  results  are 
available  in  over  30  technical  publications. 

For  additional  information,  contact: 
Robert  11.  McAlister 
Principal  Wood  Scientist 
Forestry  Sciences  Laboratory 
Green  Street 
Athens,  GA  30602 
(404)  546-2441 

Reference 

McAlister,  Robert  II.  1989.  The  research  and 
development  of  COMT-PLY.  Gen.  Tech.  Rep. 
SE-GTR-53.  Asheville,  NC:  U.S.  Department  of 
Agriculture,  Forest  Service,  Southeastern  Forest 
Experiment  Station.  23  p. 
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■       Fire  Safety 


Fire  Resistance  of  Structural 
Wood  Products 


Intumescent  coatings,  which  swell  up  when  exposed  to 
heat,  are  one  of  the  types  of  fire  resistive  coatings  being 
studied  at  the  Forest  Products  Laboratory. 

In  developing  or  using  structural  assemblies,  a  design 
must  meet  code  requirements  that  specify  the  fire  resis- 
tance ratings  required  for  a  given  occupancy  and  type  of 
construction.  Fire  resistance  ratings  relate  to  the  ability 
of  the  wall  or  floor  assembly  to  act  as  a  barrier  to  the 
fire  and  contain  the  fire  within  the  room  of  origin.  Stan- 
dard testing  procedures  expose  an  assembly  to  a  specified 
fire  exposure  to  determine  how  long  it  can  withstand  the 
fire.  Listings  of  rated  assemblies  are  available  from  var- 
ious sources.  These  tests  are  extremely  costly  and  the 
ratings  do  not  provide  flexibility  to  alter  the  design  of 
the  assembly. 

Researchers  at  the  Forest  Products  Laboratory  (FPL)  are 
developing  analytical  procedures  that  will  permit  such 
design  flexibility.  Current  efforts  are  concentrating  on 
models  for  parallel  chord  truss  floor  systems  and  wood 
joist  floor  systems.  Past  work  has  resulted  in  analyti- 
cal procedures  for  walls,  unprotected  joist  floors,  glued- 
laminated  timbers,  and  unprotected  floor  trusses. 

Two  procedures  for  rating  wood  assemblies'  fire  resis- 
tance have  gained  U.S.  and  Canadian  building  code  ac- 
ceptance. The  component  additive  calculation  procedure 
conservatively  determines  the  fire  resistance  ratings  of 


light-frame  assemblies.  The  1-hour  fire  resistive  exposed 
wood  member  procedure  rates  large  wood  members  with 
minimum  nominal  dimension  of  6  inches.  Both  of  these 
procedures  were  developed  by  the  National  Research 
Council  of  Canada  and  have  been  introduced  into  the 
U.S.  building  code  as  a  result  of  efforts  by  the  National 
Forest  Products  Association.  These  and  other  procedures 
are  described  in  a  chapter  of  the  SFPE  Handbook  of  Fire 
Protection  Engineering  on  "Analytical  Methods  for  De- 
termining Fire  Resistance  of  Timber  Members."  A  1988 
update  is  also  available.  More  information  on  fire  safety 
of  light-frame  structures  is  in  FPL-GTR-59. 

The  typical  method  of  improving  the  fire  resistance  of 
a  wood  assembly  is  to  add  a  gypsum  board  membrane. 
FPL  researchers  are  continuing  to  evaluate  fire  resistive 
coatings  as  an  alternative.  Empirical  equations  have  been 
developed  for  predicting  the  performance  of  such  coatings 
in  different  applications. 

For  additional  information,  contact: 

Robert  H.  White 

Forest  Products  Technologist 

Forest  Products  Laboratory 

One  Gifford  Pinchot  Drive 

Madison,  WI  53705-2398 

(608)  231-9265 
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FPL  Spaceboard 

Researchers  at  the  Forest  Products  Laboratory  (FPL) 
have  developed  a  structural  product  concept  called 
Spaceboard.  It  consists  of  two  symmetrical  halves 
bonded  together  to  form  a  three-dimensional  board. 
When  joined,  the  molded  side  of  each  half  creates  nu- 
merous geometric-shaped  cells  in  the  board's  center. 

The  Spaceboard  components  are  produced  by  press- 
drying  fiber  against  compressible  rubber  molds.  Using 
this  technique,  Spaceboard  can  be  made  thin  enough  (1/8 
in.  (3  mm))  for  strong,  lightweight  corrugated  containers 
or  thick  enough  (more  than  3  in.  (75  mm))  for  wall  or 
floor  panels. 

A  significant  benefit  of  using  Spaceboard  in  shipping  con- 
tainers is  that  Spaceboard  can  be  made  uniformly  strong 
in  every  direction.  Laboratory  tests  show  that,  using  the 
same  amount  of  wood  fiber,  Spaceboard  is  between  30 
and  200  percent  stronger  in  both  major  directions  than 
conventional  corrugated  fiberboard  is  in  its  strongest  di- 
rection. The  press-dry  molding  technology  and  the  spe- 
cial core  configuration  impart  this  strength. 

Further  refinements  have  shown  the  feasibility  of  produc- 
ing Spaceboard  with  the  wet  strength  and  dimensional 
stability  necessary  to  build  engineered  structures.  Space- 
board's  unique  characteristics  as  a  building  material  are 
its  high  strength  per  unit  weight  ratio,  its  design  versa- 
tility, and  its  adaptability  to  a  wide  range  of  fiber  feed- 
stocks. A  product's  skin  thickness,  cell  size  and  shape, 
sandwich  thickness,  and  core  density  can  all  be  tailored 
for  particular  product  applications.  It  is  also  an  excellent 
candidate  for  production  of  products  using  "unclean"  re- 
cycled fibers. 


The  full  potential  for  applications  of  Spaceboard  and  its 
economic  benefits  continues  to  be  explored.  Because  of 
its  many  design  and  processing  attributes,  Spaceboard 
has  a  broad  range  of  possible  commercial  applications. 
Spaceboard  has  good  potential  for  use  in  commercial  and 
residential  construction  as  wall,  floor,  and  roof  panels 
and  for  application  in  furniture  requiring  flat  or  curved 
panels  to  be  laminated  or  upholstered.  In  its  thinner 
configurations,  Spaceboard  has  demonstrated  its  utility 
in  a  wide  range  of  packaging  applications.  Regardless  of 
the  end  product,  the  Spaceboard  concept  offers  a  new 
and  more  efficient  way  to  use  virgin  or  recycled  wood 
fiber  for  structural  products. 

For  additional  information,  contact: 
Theodore  Laufenberg,  Supervisory 

Research  General  Engineer 
John  Hunt,  Mechanical  Engineer 
Forest  Products  Laboratory 
One  Gifford  Pinchot  Drive 
Madison,  WI  53705-2398 
(608)  231-9480 
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Advanced  Reusable  Foam  Cryogenic 
Insulation 

Specimens  have  been  demonstrated  in  the  temperature  range 
of  -420  to  +400°F(-251  to  +204°C). 


Lightweight,  reusable  cryogenic  con- 
tainers are  needed  to  reduce  the  costs  of 
operation  of  advanced  hypersonic  air- 
planes and  space  launch  vehicles.  Such 
containers  may  also  be  useful  on  Earth  in 
laboratories,  factories,  and  transportation 
systems.  One  essential  element  of  a  reusa- 
ble cryogenic  tank  is  insulation  that  can 
repeatedly  endure  exposure  to  relatively 
high  temperatures  during  entry  into  the  at- 
mosphere, and  thus  reduce  the  external 
thermal-protection  system  (TPS)  mass. 
Studies  have  shown  that  an  increase  in  the 
reuse  temperature  of  the  insulation  from 
1 75  to  400  °F  (79  to  204  °C)  can  reduce  the 
mass  of  the  TPS  by  20  to  50  percent,  ap- 
proximately 0.3  to  1.0  Ib/sq  ft  (1.5  to  5 
kg/m2),  and  reduce  the  thickness  of  the 
TPS  by  about  50  percent,  from  3.0  to  1.5  in. 
(7.6  to  3.8  cm). 

A  prototype  reusable  cryogenic  foam  in- 
sulation developed  for  this  purpose  has  a 
maximum  service  temperature  of  400  °F 
(204  °C).  It  consists  of  two  discrete  layers 
of  closed-cell  polymethacrylimide  foam  of 
density  6.9  lb/ft3  (111  kg/m3)  bonded  to- 
gether with  an  epoxy  adhesive.  The  bond 
line  is  additionally  reinforced  with  a  0.003- 
in.  (0.08-mm)-thick  layer  of  fiberglass  cloth. 
The  resulting  block  of  foam  is  wrapped  with 
a  precut  and  preformed  vapor-barrier 
cover  made  of  the  non-permeable,  high- 
temperature  material,  Kapton  (or  equiva- 


lent)/aluminum/Kapton  (or  equivalent) 
(KAK).  The  covered  insulation  blocks  are 
externally  bonded  to  the  wall  of  the 
cryogenic  tank. 

Several  specimens,  each  2  in.  (5  cm) 
thick  and  10  in.  (25  cm)  square,  bonded  to 
an  aluminum  panel,  have  been  fabricated 
to  verify  the  manufacturing  techniques.  A 
specimen  was  successfully  tested  during 
100  thermomechanical  cycles,  which  con- 
sisted of  cooling  the  surface  of  the  metal  to 
-  323  °F(  -197  °C)  while  heating  the  outer 
surface  of  the  foam  insulation  with  air  at 
400  °F  (204  °C)  to  simulate  aerodynamic 
heating.  A  tensile  load  of  15,000  lb  (67  kN) 
was  simultaneously  applied  in  the  alumi- 
num panel  to  represent  the  internal  pres- 
sure in  the  tank.  In  a  similar  test  of  another 
specimen,  the  insulation  was  exposed  to 
the  air  at  400  °F  (204  °C),  while  the  metal 
surface  of  the  tank  was  exposed  to  -  420  °F 
( -  251  °C)  for  20  cycles. 

In  both  tests,  the  foam  suffered  no  ap- 
parent damage.  Yet  another  specimen  en- 
dured over  250  thermal  cycles  in  which  the 
cold  surface  was  alternately  cycled  9 
times  to  -  320  °F  ( - 196  °C)  followed  by  1 
cycle  to  -420°F  (-251  °C).  Specimens 
made  of  materials  of  lower  density  [4.4  and 
3.1  lb/ft3  (70  and  50  kg/m3,  respectively)] 
have  also  been  fabricated  and  tested.  The 
conductivity  and  permeability  of  the  cryo- 
genic foam  insulations  will  be  determined 


The  Tanks  of  Advanced  Hypersonic  Air- 
craft or  space  launch  vehicles  might  in- 
clude reusable  foam  insulation  to  insulate 
the  cryogenic  propellants.  I 

over  the  range  of  environmental  conditions 
anticipated  during  service  in  both  external 
and  internal  applications.  The  initial  data  on 
conductivity  were  generated  by  use  of  a 
guarded-hot-plate  calorimeter.  A  boiloff 
calorimeter  is  being  rehabilitated  to  obtain 
data  on  conductivity  at  temperatures  near 
that  of  liquid  hydrogen. 

This  work  was  done  by  Allan  H.  Taylor 
of  Langley  Research  Center.  P.S. 
McAuliffe  of  Lockheed  California  Co.,  and 
L.L.  Sparks  of  the  National  Bureau  of 
Standards. 
LAR-14014/TN 
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Bonding  Elastomers  to  Metal  Substrates 

Curing  and  vulcanization  are  done  simultaneously  in  specially  designed  molds. 


An  improved,  economical  method  for 
bonding  elastomers  to  metals  prevents 
failures  caused  by  debonding.  Previous 
methods  involving  prevulcanized  elasto- 
mers or  vulcanization  to  preheated  adhe- 
sive surfaces  placed  additional  thermal 
and  physical  stresses  on  the  materials  and 
interfaces  because  of  the  various  heating 
cycles  involved.  In  the  new  technique,  vul- 
canization and  curing  occur  simultaneous- 
ly in  a  specially  designed  mold  that  acts  as 
a  form  for  the  desired  shape  of  the  elasto- 
mer and  as  a  container  that  positions  and 
supports  the  metal  parts. 

The  metal  substrates  are  first  thorough- 
ly degreased  in  a  suitable  solvent  using  a 
vapor/liquid/vapor  sequence.  The  bonding 
surfaces  are  abraded  and  cleaned  by  grit 
blasting  and  then  again  treated  with  sol- 
vent. They  are  then  coated  with  adhesive 


and  allowed  to  dry.  The  metal  substrates 
are  assembled  in  the  mold,  and  the  press 
components  are  preheated  to  the  curing 
temperature.  The  mold  is  clamped  by  the 
press,  and  the  uncured  elastomer  is  load- 
ed into  the  transfer  pot  and  pressed  into 
the  mold  sprue.  Heat  and  pressure  are  ap- 
plied until  the  elastomer  and  adhesive  are 
vulcanized  and  cured. 

This  technique  increases  the  interface 
adhesion  between  the  metal,  adhesive, 
and  elastomer  because  the  cure  and  vul- 
canization occur  simultaneously  at  equal 
temperature  and  pressure.  The  process 
eliminates  the  stresses  on  the  metal 
substrates,  adhesive,  and  elastomer  that 
would  result  from  separate  vulcanization 
and  bond-curing  processes. 

This  work  was  done  by  George  E. 
Dickerson  of  Langley  Research  Center 


and  Henry  L  Kelley  of  the  U.S.  Army  Aero- 
structures  Directorate  located  at  Langley 
Research  Center.  No  further  documenta- 
tion is  available. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research 
Center.  Refer  to  LAR-13645/TN. 

Langley  Research  Ctr. 
Technology  Utilization 
Officer:  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  864-2484 
Patent  Counsel: 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 
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Fiber-Reinforced 
Superalloys  for 
Rocket  Engines 

Features  include  increased 
service  lives  and 
higher  allowable 
operating  temperatures. 

A  report  discusses  experimental  studies 
of  fiber-reinforced  superalloy  (FRS)  com- 
posite materials  for  use  in  turbine  blades  in 
rocket  engines.  The  FRS  composites  are 
intended  to  withstand  extreme  conditions 
of  high  temperature,  thermal  shock,  at- 
mospheres that  contain  hydrogen,  high  cy- 
cle fatigue  loading,  and  thermal  fatigue,  all 
of  which  tax  the  capabilities  of  even  the 
most-advanced  current  blade  material  — 
directionally-solidified,  hafnium-modified 
MAR  M-246  [MAR  M-246  (Hf )  (DS)]. 

Tungsten-alloy  wire  was  selected  as  the 
reinforcing  fiber  for  the  composites.  Three 
iron-base  alloys  (Incoloy*  903,  FeCrAlY, 
and  31 6L  stainless  steel)  and  the  nickel- 
base  superalloy  Waspaloy  were  chosen  as 
matrix  materials.  Monofilament  tapes  of  40 
volume  percent  fibers  were  made  by  arc 
spraying.  The  tapes  were  hot-pressed  into 
composite  panels  50  mm  wide,  150  mm 
long,  and  1.5  mm  thick,  with  the  fibers 
parallel  to  the  length. 

The  composite  panels  were  subjected 
to  tensile,  thermal-shock,  thermal-fatigue, 
low-  and  high-cycle-fatigue,  and  embrittle- 
ment-by-hydrogen  tests.  The  estimated 
and  measured  behaviors  of  the  compos- 


ites were  contrasted  with  that  of  MAR 
M-246  (Hf)  (DS)  at  a  temperature  of  870  °C. 
In  addition,  the  properties  of  the  com- 
posites intended  for  use  in  advanced 
rocket  engines  (which  are  slightly  different 
from  the  composites  tested  here)  were 
projected  for  1,100  °C  from  the  results  of 
these  tests. 

On  the  basis  of  the  projections  it  was 
concluded  that  FRS  turbine  blades  offer 
the  potential  of  operating  lives  of  the  order 
of  1,000  times  those  of  MAR  M-246  (Hf) 
(DS)  blades,  as  well  as  the  capability  to 
operate  200  °C  hotter.  In  addition,  the  FRS 
blades  are  expected  to  undergo  smaller 
strains  induced  by  thermal  transients  dur- 
ing the  starting  and  stopping  of  engines. 

The  following  other  conclusions  were 
also  drawn: 
•The  resistances  of  FRS  composites  to 

thermal  shocks  are  two  to  nine  times  that 

of  MAR  M-246  (Hf)  (DS). 

•  The  resistances  of  FRS  composites  to 
thermal  fatigue  equal  or  exceed  that  of 
MAR  M-246  (Hf)(DS). 

•  The  tensile  and  cycle  fatigue  strengths  of 
the  FRS  composites  equal  or  exceed 
those  previously  estimated. 


•Prior  damage  by  thermal  shock  has 
negligible  influence  on  the  cycle  fatigue 
behavior  of  FRS  composites. 

•  The  FRS  composites  exhibit  negligible  em- 
brittlement  when  exposed  to  hydrogen  at 
a  pressure  of  6.9  MPa. 

•  No  ductile-to-brittle  transition  is  observed 
in  FRS  composites  at  temperatures  from 
- 196  to  1,100  °C 

Thus,  the  FRS  composites  have  an  attrac- 
tive combination  of  properties  for  use  in  the 
turbopump  blades  of  advanced  rocket  en- 
gines at  temperatures  from  870  to  1,100  °C. 
*"  Incoloy"  is  a  registered  trademark  of  the 
Inco  family  of  companies. 

This  work  was  done  by  Jack  R.  Lewis 
and  Jim  L  Yuen  of  Rockwell  International 
in  cooperation  with  Donald  W.  Petrasek 
and  Joseph  R.  Stephens  of  Lewis  Re- 
search Center.  Further  information  may 
be  found  in  NASA  TM-1 00880  [N89-1 5990], 
Price  Code:  A03  "Fiber  Reinforced 
Superalloys  for  Rocket  Engines. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800) 
336-4700.  LEW-14871/TN 
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High-Temperature  Creep 
Behavior  of  Fiber- 
Reinforced  Niobium 

Tungsten  fibers  reduce 
creep  and  mass  in 
advanced  power  systems. 

Reinforcing  niobium  alloys  with  tung- 
sten fibers  increases  their  resistances  to 
creep  by  factors  of  as  much  as  10,  a  study 
has  found.  The  study,  conducted  to  deter- 
mine the  feasibility  of  using  the  composite 
materials  in  advanced  space  power  sys- 
tems, is  described  in  a  22-page  report. 
Such  systems  require  a  service  life  of 
greater  than  7  years  in  the  presence  of  liq- 
uid alkali  metals  at  temperatures  above 
1,350  K.  Under  these  conditions,  long-term 
resistance  to  creep  is  a  prime  concern. 

The  materials  tested  were  niobium  and 
niobium  with  1  percent  zirconium,  both  re- 
inforced with  unidirectional  tungsten  fibers. 
Specimens  of  these  composites  were 
made  by  arc  spraying  the  niobium  alloys 
onto  a  single  row  of  fibers  to  produce  a 
tape,  followed  by  hot  isostatic  pressing  of 
several  layers  of  tape  to  produce  a  panel. 
Microscopic  examinations  showed  that 
there  was  little  or  no  adverse  chemical 
reaction  between  the  tungsten  fiber  and 
niobium  matrix. 


The  composite  specimens  were  tested 
in  vacuum  at  1,400  and  1,500  K,  in  tension 
along  the  fiber  axes.  When  each  specimen 
ruptured,  it  triggered  a  switch,  and  the  time 
to  rupture  was  recorded  automatically. 
(Tungsten  fibers  were  also  tested  in  this 
manner.)  The  creep  strain  of  each  compos- 
ite specimen  was  determined  by  using  a 
cathetometer  to  measure  the  increase  in 
distance  between  two  marks. 

The  creep  behavior  of  the  composite 
materials  could  be  described  by  an  empiri- 
cal power-law  equation ,  in  which  the  rate  of 
creep  is  proportional  to  the  nth  power  of 
the  stress  on  the  reinforcing  fibers  and  is 
inversely  proportional  to  the  nth  power  of 
the  fiber  content,  where  n  typically  ranges 
from  5  to  6.  The  minimum  rate  of  creep  is 
inversely  proportional  to  the  time  to  rupture 
of  the  composite. 

The  composites  are  heavier  than  are 
unreinforced  niobium  or  niobium  with  1 
percent  zirconium.  However,  the  high-tem- 
perature creep  strengths  per  unit  density 


of  the  composites  are  greater  than  those  of 
the  unreinforced  alloys  by  an  order  of 
magnitude.  Thus,  thinner  sections  of  the 
composites  can  be  substituted  for  unrein- 
forced material  in  power  systems,  with 
significant  decreases  in  mass  and  creep  at 
high  temperatures.  Alternately,  the  poten- 
tial for  increased  service  temperature  of 
components  can  be  considered. 

This  work  was  done  by  Donald  W. 
Petrasek  and  Roben  H.  Titran  of  Lewis 
Research  Center.  Further  information 
may  be  found  in  NASA  TM-100804  [N88- 
18707],  Price  Code:  A03  "Creep 
Behavior  of  Tungsten/Niobium  and 
Tungsten/Niobium-1  Percent  Zirconium 
Composites." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800) 
336-4700.  LEW-14831/TN 
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High-Temperature  Materials 
for  Stirling  Engines 

Heat-resistant  piston  rings 
and  linings  could  increase 
engine  efficiency. 

A  report  discusses  research  on  materi- 
als for  piston  rings  and  cylinder  coatings  in 
automotive  Stirling  engines.  The  materials 
will  make  it  possible  to  place  piston  rings  at 
the  tops  of  pistons  ("hot"  piston  rings)  in- 
stead of  at  the  cooler  bottoms.  Engine  effi- 
ciency will  thereby  be  increased  by  several 
percent. 

Candidate  materials  were  tested  on  a 
pin-on-disk  machine,  which  measures  wear 
and  friction.  The  tests  were  performed  in 
hydrogen  at  temperatures  up  to  760  °C  to 
simulate  the  conditions  in  a  typical  au- 
tomotive Stirling  engine.  The  data  from  the 
tests  show  that  a  cobalt-based  alloy,  Stellite 
6B,  is  a  good  choice  for  the  piston  rings 
and  PS200,  a  plasma-sprayed  metal-bond- 
ed chromium  carbide  matrix  with  dispersed 
solid  lubricants,  will  function  well  as  the 
cylinder  coating. 

An  automotive  Stirling  engine  was  then 
modified  by  the  incorporation  of  these  ma- 


terials into  a  "hot"-piston-ring  structure.  As 
a  result,  the  specific  fuel  consumption  of 
the  engine  was  reduced  by  an  average  of  3 
percent  and  by  as  much  as  7  percent  un- 
der some  operating  conditions,  in  compari- 
son with  that  of  the  unmodified  engine. 

It  was  found  that  certain  properties  of 
materials  indicate  the  likelihood  that  they 
will  function  as  solid  lubricants  in  a  given 
temperature  range.  These  properties  are 
plasticity,  low  yield  strength  in  shear,  low 
hardness,  and  thermochemical  stability  in 
the  environment  of  interest. 

Some  combinations  of  two  or  more  solid 
lubricants  can  be  incorporated  into  com- 
posites to  lubricate  over  a  broader  temper- 
ature range  than  any  single  material  can. 
The  PS200  cylinder  coating  is  an  example. 
It  includes  silver  and  barium  fluoride/calci- 
um fluoride  eutectic  dispersed  in  the  ma- 
trix of  metal-bonded  chromium  carbide. 
Silver  alone  lubricates  up  to  about  500  °C, 


and  the  fluoride  lubricates  from  400  to 
900  °C  The  combination  lubricates  from 
room  temperature  to  900  °C. 

This  work  was  done  by  Harold  E.  Silney 
of  Lewis  Research  Center.  Further  infor- 
mation may  be  found  in  NASA  TM-100276 
[N88-15872],  Price  Code:  A03  "Hot 
Piston  Ring/Cylinder  Liner  Materials- 
Selection  and  Evaluation." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 

This  invention  is  owned  by  NASA  (U.S. 
Patent  No.  4,728,448).  Inquiries  con- 
cerning nonexclusive  or  exclusive  license 
for  its  commercial  development  should  be 
addressed  to  the  Patent  Counsel,  Lewis 
Reseach  Center.  Refer  to  LEW-14836/TN. 
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Polymeric  Additives  for 
Graphite/Epoxy  Composites 

Brominated  additives 
can  improve  mechanical 
properties. 

A  report  describes  experimental  studies 
of  the  properties  of  several  graph ite/epoxy 
composites  that  contain  polymeric  addi- 
tives as  f  lexibilizing  or  toughening  agents.  It 
emphasizes  the  effects  of  brominated 
polymeric  additives  (BPA's)  with  or  without 
carboxy-terminated  butadiene  acrylonitrile 
rubber.  (BPA's  are  of  interest  because  bro- 
mine introduces  flame  retardancy.)The  re- 
port reviews  the  effects  of  individual  and 
combined  additives  on  the  fracture  tough- 
nesses, environmental  stabilities,  hot/wet 
strengths,  thermomechanical  behaviors, 
and  other  mechanical  properties  of  the 
composites. 

The  experimental  data  lead  to  the 
following  conclusions,  among  others: 

•  With  or  without  rubber  added,  the  higher 
the  molecular  weight  of  t:  le  BPA,  the  more 
deterioration  of  mechanical  properties  is 
observed. 

•  The  lower  the  molecular  weight  of  a  BPA, 


the  lower  is  its  thermal  stability  in  the  un- 
cured  state.  However,  once  a  BPA  is  com- 
bined in  an  expoxy  polymeric  matrix,  the 
molecular  structure  of  the  epoxy  and  the 
ratios  between  the  aromatic  and  aliphatic 
constituents  of  the  three-dimensional 
cured  polymer  network  dominate  the  ther- 
mal stability. 

•  BPA's  that  have  been  prereacted  with 
carboxy-terminated  butadiene  acryloni- 
trile (CTBN)  rubber  increase  the  impact 
strengths  of  composites. 

•  The  introduction  of  BPA's  into  composites 
that  contain  CTBN  seems  to  increase 
shear  strengths.  An  optimum  formulation 
for  this  purpose  contains  8  to  19  percent 
CTBN  and  19  percent  bromine. 

•Although  BPA's  increase  the  flexural 
moduli  of  composites,  they  seem  to  de- 
crease slightly  the  flexural  strengths  and 
fracture  energies  of  the  composites  in 
comparison  with  those  of  composites  that 


contain  only  CTBN  rubber  additives. 

This  work  was  done  by  D.A.  Kourtides 
of  Ames  Research  Center  and  Z.  Nirof 
Makhteshim  Chemical  Works.  "A  Review 
of  Polymeric  Additives  Used  for  Toughen- 
ing of  Graphite  Composites." 

This  invention  has  been  patented  by 
NASA  (U.S.  Patent  No.  4,550,129.) 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Ames  Research  Center. 
Refer  to  ARC-11427/TN. 

Ames  Research  Ctr. 

Technology  Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)  694-4044 
Patent  Counsel: 
Darrell  G.  Brekke 
Mail  Code  200-1 1 
Moffett  Field,  CA  94035 
(415)  694-5104 
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Silicon  Nitride  Balls  for  Cryogenic  Bearings 

Resistance  to  wear  is  greater  than  that  of  440C  steel. 


Experiments  have  shown  that  the  lives 
of  ball  bearings  immersed  in  liquid  nitrogen 
or  liquid  oxygen  are  increased  significantly 
when  the  440C  steel  balls  (running  on  440C 
steel  races)  are  replaced  by  balls  of  silicon 
nitride.  The  silicon  nitride  ball  material  was 
developed  previously  for  use  at  high  tem- 
peratures, where  lubrication  is  poor  or  non- 
existent. 

The  wear  lives  of  ball  bearings  in  cryo- 
genic environments  are  limited  because 
cryogenic  coolants  provide  little  or  no  lu- 
brication. In  this  respect,  the  operating 
conditions  of  such  bearings  are  similar  to 
those  of  bearings  in  hot  environments.  The 
low  friction  and  resistance  to  wear  of  ce- 
ramics makes  them  attractive  as  candi- 
date materials  for  use  in  bearings,  but  the 
brittleness  of  most  ceramics  is  a  disadvan- 
tage in  applications  in  which  high  reliability 
is  required.  The  silicon  nitride  balls  are  suit- 
able for  use  in  rolling  bearings  because,  un- 
like many  other  ceramics,  the  silicon  ni- 


tride of  the  grade  used  to  make  the  balls 
(Norton  grade  NDB-100  or  equivalent)  fails 
by  spalling  rather  than  by  fracturing. 

Prior  to  tests  of  full-scale  ball  bearings, 
the  wear  of  bearing  materials  in  liquid  oxy- 
gen was  evaluated  in  a  subscale  testing  rig 
that  included  a  cone  and  three  balls  0.5  in. 
(12.7  mm)  in  diameter  to  simulate  the 
operation  of  the  high-pressure-oxidizer  tur- 
bopump  of  the  Space  Shuttle  main  engine. 
The  specimens  were  tested  for  6  h  at  a 
maximum  Hertzian  stress  of  450  kpsi  (3.1 
GPa).  The  silicon  nitride  balls  showed  no 
measurable  wear,  indicating  better  re- 
sistance to  wear  than  that  exhibited  by 
balls  of  440C  steel. 

Silicon  nitride  balls  0.8125  in.  (20.64  mm) 
in  diameter  for  the  thrust  bearing  of  the 
low-pressure-oxidizer  turbopump  and  0.5 
in.  (12.7  mm)  in  diameter  for  the  turbine- 
end  bearing  of  the  high-pressure-oxidizer 
turbopump  of  the  Space  Shuttle  main  en- 
gine have  been  acquired.  The  thrust  bear- 


ing was  tested  in  liquid  nitrogen,  which  was 
used  because  it  is  non  reactive  and  be- 
cause its  temperature,  density,  and  viscosi- 
ty are  similar  to  those  of  liquid  oxygen.  The 
bearing  completed  27,000  seconds  of  op- 
eration under  conditions  representative  of 
the  environment  in  the  low-pressure-oxidiz- 
er turbopump  in  8-minute  duty  cycles  and 
in  steady-state  operation  at  high  levels  of 
thrust.  The  results  of  the  test  showed  that 
the  combination  of  the  silicon  nitride  balls 
running  against  the  440C  steel  races  had 
the  best  wear  life  of  any  bearing  tested  to 
date  and  that  the  ball  material  spalls 
without  fracturing.  Plans  for  future  tests 
call  for  the  use  of  liquid  oxygen  as  the  work- 
ing fluid. 

This  work  was  done  by  Myles  F.  Butner 
and  Lillian  W.  Ng  of  Rockwell  International 
Corp.  for  Marshall  Space  Right  Center. 
No  further  documentation  is  available. 
MFS-29613fTN 
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Computer  Simulation  of  Cyclic  Oxidation 

A  program  predicts  oxidation  kinetics  for  various  durations  and  numbers  of  cycles. 


A  computer  model  has  been  developed 
to  simulate  the  cyclic  oxidation  of  metals. 
High-temperature  gas/metal  reactions,  par- 
ticularly oxidation,  have  been  studied  for 
many  years.  These  studies  have  contrib- 
uted to  our  basic  understanding  of  oxida- 
tion mechanisms.  Virtually  all  of  the  past 
studies  have  been  performed  in  oxidizing 
environments  at  constant  temperatures  to 
follow  reaction  kinetics  via  changes  in 
weight  as  functions  of  exposure  time.  How- 
ever, in  most  real  applications,  exposure  to 
high  temperature  is  not  isothermal  but 
rather  involves  repeated  heating  and  cool- 
ing. 

For  example,  cyclic  oxidation  due  to  re- 
peated start/stop  operations  is  encount- 
ered in  the  heating  elements  of  electric 
stoves,  automobile-engine  valves,  and 
components  of  jet  engines.  During  cyclic 
heating  and  cooling,  the  protective  scale 
that  forms  on  a  metal  can  be  partially  lost 
by  spalling  caused  by  thermal  stresses. 
Even  though  cyclic  conditions  are  more 
representative  of  real  applications,  little  at- 
tention has  been  devoted  to  understanding 
cyclic  oxidation. 

For  the  purposes  of  the  simulation,  it  is 
assumed  that  the  fraction  of  scale  that 
spalls  during  cooling  from  a  given  heating 
cycle  is  proportional  to  the  amount  of  scale 
present  before  cooling.  Thus,  the  kinetics 
of  cyclic  oxidation  during  a  given  cycle  are 
assumed  to  follow  the  usual  parabolic  law 
at  high  temperature,  altered  by  the  amount 
of  protective  scale  lost  during  all  previous 
cycles.  Fundamentally,  this  becomes  a 
problem  of  tracking  the  opposing  effects  of 
the  scale  formed  at  the  high  temperature 
and  the  scale  lost  during  cooling. 

Although  this  leads  to  rather  compli- 
cated algebra,  it  can  easily  be  handled  by 
numerical  methods  on  a  computer.  Thus, 
with  relatively  few  input  parameters,  the 
kinetics  of  cyclic  oxidation  can  be  simu- 
lated for  a  wide  variety  of  temperatures, 
durations  of  cycles,  and  total  numbers  of 
cycles.  Such  input  parameters  as  the  iden- 
tity of  oxide,  parabolic  scaling  constant, 
and  spall  proportionality  constant  are 
either  known  or  can  be  determined  experi- 
mentally. The  program  is  written  in  BASICA 
and  can  be  run  on  any  IBM-compatible  mi- 
crocomputer. 
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Figure  1.  The  Simulation  Shows  the  Gain  or  Loss  of  weight  of  a  sample  of  metal  during  oxi- 
dation and  spalling  in  steady  and  cyclic  heating. 


The  original  premise  of  the  proportional- 
ity between  the  fraction  of  scale  spalled 
and  the  amount  of  scale  present  has  been 
experimentally  demonstrated  for  both 
Cr203formers  and  Al203  formers.  The  pre- 
dictive abilities  of  the  program  have  been 
verified  for  several  alloys  and  coating  ma- 
terials. 

The  program  can  be  used  in  a  variety  of 
ways  to  aid  the  experimental  research.  In 
minutes,  the  effects  of  the  duration  of  the 
cycle  and/or  the  number  of  cycles  on  the 
oxidation  kinetics  of  a  material  can  be 
surveyed.  The  output  of  the  program  pro- 
vides plots  of  the  weight  of  the  sample  and 
the  amount  of  metal  consumed  in  both  iso- 
thermal and  cyclic  conditions.  Such  plots 
for  Inconel*  601  alloy  at  1,100 °C  are 
shown  in  Figure  1.  By  rerunning  the  pro- 
gram several  times,  the  effect  of  duration 


of  the  cycle  on  the  consumption  of  metal 
(Figure  2)  can  be  determined  easily.  The 
program  is  also  applicable  to  the  cyclic  ox- 
idation of  ceramics  and  intermetallics. 
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Figure  2.  The  Effect  o?  the  Duration  of  the 

Cycle  on  the  loss  of  metal  e.:        computed 
by  rerunning  tha  program  several  times. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Measuring  Thermal  Conductivity  of  Ceramics 


NIST  scientists  have  developed  an  instrument  to  determine  thermal  conductivity  of  materials 
at  high  temperature.  The  apparatus,  a  miniature  guarded-hot-plate  can  measure  thermal 
conductivity  of  ceramics  and  ceramic  composites  at  temperatures  between  700  K  and  1500  K 
in  neutral  or  mildly  oxidizing  atmospheres.  The  apparatus  is  made  of  boron  nitride  and  high- 
purity  alumina.  These  materials  were  selected  for  their  thermal  and  electrical  properties  as  well 
as  high-temperature  compatibility  with  metallic  components  in  the  system.  Thermocouple-grade 
platinum  and  platinum-rhodium  wiring  are  used  for  both  the  heater  and  thermometry  elements. 
Typical  specimen  diameter  is  7  cm  with  a  thickness  between  1  and  8  mm.  Specimens  must  be 
stable  at  high  temperatures  and  chemically  compatible  with  system  components. 

FOR  ADDITIONAL  INFORMATION:  For  a  copy  of  paper  no.  68-89,  describing  the  apparatus, 
contact  Jo  Emery,  Div.  104,  NIST,  Boulder,  Colo.  80303;  telephone:  303/497-3237.  Media 
Contact:  Fred  McGehan  (Boulder),  303/497-3246. 
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Prepenetrant  Etchant  for  Incoloy*  903  Weld  Overlays 

The  new  etchant  causes  less  damage. 


An  etching  solution  has  been  developed 
for  use  prior  to  type-IVc  penetrant  inspec- 
tion of  Incoloy*  903  weld  overlays.  The 
previous  prepenetrant  etchant  —  a  mix- 
ture of  50  percent  hydrochloric  acid  and  50 
percent  hydrogen  peroxide  —  tended  to 
cause  pitting  and  to  give  rise  to  an  ex- 
cessive fluorescent  background,  necessi- 
tating rework  of  the  workpieces  thus  over- 
etched. 

The  new  etching  solution  is  formulated 
as  follows: 

•  80  g  ferric  chloride  hexahydrate, 

•  300  ml_  reagent-grade  hydrochloric  acid, 

•  25  ml_  food-  or  reagent-grade  phosphoric 
acid,  and 

•  100  ml_  ethylene  glycol. 

This  solution  is  applied  to  the  surface  to  be 
etched  for  90  to  120  seconds.  In  contrast, 
the  previous  etchant  was  applied  for  15  to 
30  seconds.  Thus,  the  new  etchant  gives  a 
more  reasonable  range  of  etching  time 


and  reduces  the  probability  of  overetching 
and  resulting  damage. 

The  new  etchant  does  not  pit  or  erode 
the  surface  of  the  workpiece.  It  reveals  the 
microstructure  of  Incoloy*  903  without 
removing  the  constituents  around  the  den- 
drites and  grain  boundaries  and  without  at- 
tacking the  grain  boundaries.  It  does  not 
produce  etch-background  anomalies  that 
complicate  the  evaluation  of  the  penetrant- 
inspection  results. 

The  new  etchant  can  be  stored  indefi- 
nitely. It  is  safe  to  use  when  standard  safety 
procedures  are  followed.  To  avoid  errors  in 
formulation,  it  should  be  prepared  by  a 
trained  technician  in  a  laboratory,  rather 
than  in  the  shop  where  it  is  to  be  used. 
*  "Incoloy"  is  a  registered  trademark  of  the 
INCO  family  of  companies. 

This  work  was  done  by  Joseph  E.  O  'Tousa, 
Clark  S.  Thomas,  and  Robert  E.  Foster  of 
Rockwell  International  Corp.  for  Marshall 


Space  Flight  Center.  No  further  docu- 
mentation is  available. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-29576/TN. 
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Patent  Counsel: 
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Diagnosing  Diseases  in  Laboratory  Animals 


The  laboratory  animal  diagnos- 
tic resource  at  the  Bowman 
Gray  School  of  Medicine  at 
Wake  Forest  University  in 
Winston-Salem,  North  Carolina, 
specializes  in  diagnosing  and 
characterizing  disease  models  in 
laboratory  animals  that  may  be 
useful  in  furthering  biomedical 
research  and  in  elucidating 
mechanisms  of  human  diseases. 

"We're  always  interested  in 
identifying  animal  models  of 
human  disease  and  working 
with  people  in  any  research 
area  who  use  laboratory  animals 
and  who  may  need  information, 
consultation,  or  diagnostic 
assistance,  or  happen  to  have  a 
research  interest  that  coincides 
with  ours,"  says  Dr.  Carolyn  F. 
Moyer,  associate  professor  of 
comparative  medicine  and  prin- 
cipal investigator  at  the  diag- 
nostic resource. 

The  veterinarians  and  veteri- 
nary pathologists  at  the  re- 
source, which  is  a  subdivision 
of  the  Comparative  Medicine 
Clinical  Research  Center  at  the 
medical  school,  specialize  in  the 
study  of  nonhuman  primates, 
but  they  are  also  involved  in 
studies  using  pigeons,  rats, 
mice,  rabbits,  and  other  labora- 
tory animals. 

The  resource  accepts  tissue 
samples  for  diagnosis  and  study 
and  is  interested  in  collab- 
orating with  outside  investiga- 
tors, particularly  on  studies  of 
nonhuman  primates.  Investiga- 
tors who  are  not  associated  with 
the  resource  may  request  tissue 
samples  for  study. 

The  scientific  staff  at  the 
resource  is  particularly  inter- 
ested in  studying  cardiovascular 
disease,  reproductive  problems, 
perinatal  mortality,  osteoporo- 
sis, and  diabetes  mellitus  in 
nonhuman  primates. 

Established  in  the  late  1960's 
and  funded  by  the  Animal  Re- 
sources Program  of  the  National 
Center  for  Research  Resources, 
the  diagnostic  resource  provides 
support  for  1,200  Old  World 
monkeys.  The  studies  are 
focused  on  four  species:  Macaca 


fascicularis,  also  known  as  the 
cynomolgus  or  long-tailed  mac- 
aque; Macaca  mulatto,  the  rhesus 
monkey;  Macaca  arctoides,  the 
stump-tailed  macaque;  and  Cer- 
copithecus  aethiops,  the  African 
green  monkey. 

In  addition,  scientists  at 
Bowman  Gray  have  developed 
a  model  of  atherosclerosis  in 
pigeons  and  have  more  than 
1,000  birds  available  for  study. 

Although  the  scientific  staff  at 
the  resource  are  available  to 
consult  on  routine  diagnoses, 
they  prefer  to  take  their  studies 
further  when  a  case  warrants  it. 

"We  use  diagnosis  as  a  tool 
but  with  an  emphasis  on  identi- 
fying and  doing  research  on 
animal  models  of  human  dis- 
ease. We  also  like  cases  that  ini- 
tially are  presented  as  routine 
diagnostic  tasks  but  which  seem 
to  have  some  unique  charac- 
teristics that  require  additional 
workup,"  Dr.  Moyer  explains. 

"We  are  trying  to  take  the 
clinical  presentation  several 
steps  further  so  we  can  under- 
stand mechanisms  of  disease. 
That's  the  critical  part,"  she 
adds. 


Dr.  Carolyn  F  Moyer  is  the 
principal  investigator  at  the 
laboratory  animal  diagnostic 
resource  at  Wake  Forest 
University's  Bowman  Gray 
School  of  Medicine  in  North 
Carolina. 


The  resource  has  a  variety  of 
technical  capabilities  available  to 
investigate  disease  models, 
including  electron  microscopy 
and  immunocytochemistry.  1m- 
munocytochemistry  is  a  tech- 
nique used  to  detect  foreign  or 
natural  substances  (antigens)  on 
or  within  a  cell  by  incubating 
the  cells  or  tissues  with  a 
fluorescent-  or  enzyme-labeled 
antibody  that  binds  to  the  anti- 
gen and  thereby  indicates  its 
location. 

The  scientists  at  the  resource 
are  also  trying  to  bring  "in  situ 
hybridization,"  a  relatively  new 
technique,  into  the  diagnostic 
arena.  In  situ  hybridization  uses 
a  specific  nucleic  acid  probe  that 
will  bind,  or  hybridize,  to  the 
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DNA  or  RNA  of  the  cell  being 
studied.  The  technique  can  be 
used  to  identify  particular 
genes,  messenger  RNA,  or 
infectious  agents,  Dr.  Moyer 
explains.  The  scientists  at  the 
diagnostic  resource  are  using 
DNA  probes  that  hybridize  to 
the  mycobacterium  that  causes 
tuberculosis  in  laboratory 
animals. 

"The  results  of  nucleic  acid 
probing  are  very  definitive,  so 
that  one  may  not  have  to  rely 
solely  on  indirect  methods, 
such  as  skin  testing,  to  deter- 
mine whether  a  suspect  animal 
has  a  disease. 

"We  also  have  probes  to  iden- 
tify specific  viral  diseases,  and 
we're  trying  to  develop  a  library 
of  probes  that  identify  a  wide 
range  of  agents,"  Dr.  Moyer 
says. 

Identifying  and  characterizing 
diseases  in  animals  will  not  only 
help  biomedical  research,  it  will 
also  improve  the  health  of  labo- 
ratory animals,  according  to  Dr. 
Moyer. 

"We're  always  trying  to  im- 
prove health  care  delivery  to 
laboratory  animals,  and  the 
more  we  understand  about  the 
mechanisms  of  diseases  in  these 
animals  the  better  we  will  be 
able  to  diagnose  and  treat  and 
possibly  eliminate  diseases. 

"Researchers  can  then  be 
assured  of  getting  healthy  ani- 
mals for  study,"  she  says. 

Animal  models  provide  a 
means  to  investigate  specific 
aspects  of  disease  not  afforded 
by  any  other  route. 

"The  more  we  look,  the  more 
we  realize  that  animals  have 
many  diseases  that  are  very 
similar  to  human  diseases.  If 
one  understands  the  mecha- 
nisms of  these  common  dis- 
eases it  can  benefit  both 
humans  and  animals  in  terms  of 
diagnosis  and  treatment,  re- 
gardless of  where  they  fit  on  the 
phylogenetic  scale,"  Dr.  Moyer 
says. 

To  date,  the  staff  at  the  diag- 
nostic resource  have  collabo- 


rated primarily  with  scientists  in 
other  departments  at  Bowman 
Gray.  But  the  resource  staff  are 
interested  in  working  with  out- 
side investigators. 

Current  projects  include  a  col- 
laboration with  physicians  in 
the  department  of  gastroen- 
terology at  Bowman  Gray  on 
the  development  and  studv  of 
an  animal  model  of  ulcerative 
colitis  in  cynomolgus  monkeys. 

The  staff  at  the  diagnostic 
resource  are  also  working  with 
scientists  in  the  department  of 
comparative  medicine  to  devel- 
op a  model  of  gestational  diabe- 
tes mellitus  in  the  macaque.  The 
study  will  include  the  develop- 
ment of  new  tests  to  diagnose 
diabetes  mellitus. 

In  collaboration  with  inves- 
tigators in  the  department  of 
pathology,  the  diagnostic  re- 
source staff  are  developing  a 
model  of  Glanzmann's  throm- 
basthenia, a  congenital  human 
platelet  defect,  in  the  African 
green  monkey,  and  thev  are 
investigating  mechanisms  of 
hypertension  in  spontaneously 
hypertensive  rats. 

Studies  of  viruses  that  may 
cause  lymphoma  or  leukemia 
are  being  done  in  juvenile 
cynomolgus  monkeys  that  have 
spontaneously  developed  lym- 
phoproliferative  disease  similar 
to  Burkitt's  lymphoma. 

The  cost  to  outside  collabora- 
tors varies  depending  upon  the 
type  of  study  performed,  Dr. 
Moyer  says. 

Maureen  Curran 


For  more  information  about 
the  laboratory  animal  diagnostic 
resource  contact: 
Dr.  Carolyn  F.  Moyer 
Wake  Forest  Universitv 
Bowman  Gray  School  of 
Medicine 

Winston-Salem,  North  Carolina 
27103 
Telephone:  (919)  764-3600 


N    H  Federal  Laboratory 

Resource 

Research  &  Technology 

U.S.  Department  of  Health  and  Human  Services    Public  Health  Service    National  Institutes  of  Health 

Yeast  Genetic  Stock  Center 


The  Yeast  Genetic  Stock  Center 
(YGSC)  at  the  University  of 
California,  Berkeley,  serves  as 
a  repository  and  resource  for 
genetically  well-characterized 
strains  of  the  yeast  Sac- 
charomyces  cerevisiae  for  use  by 
investigators  worldwide. 

Saccharomyces  cerevisiae  is  the 
organism  used  in  making  bread, 
beer,  wines,  and  distilled 
spirits.  The  yeast  cell  plays  an 
important  role  in  studies  in 
genetics  and  molecular  biology 
that  elucidate  basic  mechanisms 
of  cellular  metabolism  and  pro- 
liferation. 

"Yeast  is  a  single-celled 
organism  and  as  such  offers  all 
the  advantages  of  any  micro- 
organism," says  Dr.  Robert  K. 
Mortimer,  professor  of  molecu- 
lar and  cell  biology  at  Berkeley 
and  the  Center's  chief  investiga- 
tor. 

"Most  importantly,  it  is  a 
eukaryotic  organism,  which  in 
contrast  to  a  bacterium  has  a 
defined  nucleus;  thus,  studies 
on  yeast  have  direct  applica- 
bility to  other  eukaryotes, 
including  man,"  Dr.  Mortimer 
says. 

Formally  established  in  1972, 
the  Center  is  funded  by  the  Bio- 
logical Models  and  Materials 
Resources  Program  of  the  Na- 
tional Center  for  Research 
Resources  (75  percent)  and  by 
user  fees  (25  percent). 

The  Center  maintains  about 
1,000  strains  of  yeast  that  can 
be  requested  by  biochemists, 
geneticists,  molecular  biologists, 
cell  biologists,  taxonomists, 
food  scientists,  and  industrial 
scientists.  The  center  receives 
about  300  requests  for  samples 
annually  from  scientists  all  over 
the  world. 

The  scientific  staff  at  the 
YGSC  also  provide  information 
on  the  growth  conditions  of 
particular  strains  and  can  devel- 
op new  strains  for  scientists 
who  are  not  set  up  to  do  it 
themselves.  They  are  also  avail- 


able to  provide  general  advice 
and  consultation  on  the  devel- 
opment and  growth  of  yeast 
strains. 

In  addition  to  developing 
their  own  strains,  the  staff  at 
the  YGSC  accept  and  maintain 
yeast  strains  developed  by  other 
investigators.  Every  2  to  3  years 
the  center  updates  and  pub- 
lishes a  catalog  of  available 
strains,  their  genotypes,  litera- 
ture references,  and  pertinent 
information  on  their  use. 

The  YGSC  also  participates  in 
the  publication  and  updating  of 
a  genetic  map  of  Saccharomyces 
cerevisiae  that  currently  includes 
the  positions  of  800  genes. 

"The  center  is  of  most  use  to 
new  investigators;  established 
centers  generally  have  their 
own  collections,  which,  in  part, 
are  derived  from  the  center," 
Dr.  Mortimer  says. 

Yeast  is  used  in  a  wide  vari- 
ety of  studies  in  cell  biology, 
including  DNA  replication,  pro- 
tein synthesis,  genetic  recom- 
bination, and  transport  of  sub- 
stances across  cell  membranes. 

"The  great  advantage  yeast 
offers  is  its  advanced  genetics 
and  molecular  biology,"  Dr. 
Mortimer  says. 

Many  of  the  yeast  genes  that 
are  involved  in  a  variety  of 
cellular  functions  have  been 
cloned  and  sequenced,  permit- 
ting comparisons  with  corre- 
sponding genes  from  other 
organisms. 

"For  example,  many  human 
genes  show  close  sequence  sim- 
ilarity with  yeast  genes,"  Dr. 
Mortimer  says.  "Yeast  also 
plays  a  major  role  in  the  bio- 
technology industry  as  a  host 
for  the  production  of  human 
proteins."  Human  genes  have 
been  isolated  and  inserted  into 
the  genome  of  yeast  cells.  The 
human  genes  are  treated  like 
the  yeast  cell's  own,  and  the 
messenger  RNA  and  proteins 
encoded  by  the  genes  are  there- 
fore produced,  he  explains. 


784 


A  set  of  protease-deficient 
mutants  deposited  in  the  col- 
lection by  Dr.  Beth  Jones  is 
an  example  of  commonly  re- 
quested strains  used  as  hosts 
for  the  production  of  foreign 
proteins.  Other  very  popular 
strains  are  sets  of  specifically 
marked  mutants,  developed  at 
the  YGSC  or  deposited  by  other 
investigators,  that  are  used  for 
mapping  new  genes  to  a  par- 
ticular chromosome  or  chromo- 
somal position.  Universities, 
research  institutes,  national  lab- 
oratories, and  industrial  con- 
cerns all  over  the  world  avail 
themselves  of  the  services  of  the 
YGSC. 


There  is  a  minimal  charge  for 
the  yeast  samples.  A  $10  dona- 
tion is  requested  for  the  catalog 
of  available  yeast  strains. 


For  more  information  about 
the  Yeast  Genetic  Stock  Center 
contact: 

Rebecca  Contopoulou 
Curator 

Yeast  Genetic  Stock  Center 
Department  of  Molecular  and 
Cell  Biology 

National  Center  for  Biophysics 
and  Cell  Physiology 
University  of  California 
Berkeley,  California  94720 
Telephone:  (415)  642-0815 
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Treatment  for  Liver  Damage  from  Hepatitis  C 


Treatment  with  recombinant 
interferon-alpha  can  halt,  at 
least  temporarily,  the  pro- 
gressive liver  damage  that 
occurs  in  many  patients  with 
chronic  hepatitis  C  (formerly 
called  non-A,  non-B  hepatitis), 
according  to  a  recently  pub- 
lished report  by  a  collaborative 
research  group. 

This  study  and  another  that 
was  published  simultaneously 
arc  the  first  controlled  studies  to 
show  any  therapy  to  be  effec- 
tive in  chronic  hepatitis  C,  a 
common  viral  form  of  hepatitis. 
Hepatitis  C  accounts  for  more 
than  90  percent  of  the  cases  of 
hepatitis  that  develop  after 
blood  transfusion,  and  the  esti- 
mated incidence  of  acute  infec- 
tion among  persons  receiving 
blood  transfusion  is  5  to  10  per- 
cent, according  to  the  investiga- 
tors. Studies  are  now  under 
way  to  determine  whether  in- 
terferon-alpha in  different  treat- 
ment schedules  may  produce 
benefits  that  are  more  lasting, 
says  Dr.  Gary  L.  Davis,  a  prin- 
cipal investigator  in  the  trial 
conducted  by  the  Hepatitis 
Interventional  Therapy  Group 
and  associate  professor  of  medi- 
cine at  the  University  of  Florida 
in  Gainesville. 

In  the  study,  conducted  at 
12  medical  centers  across  the 
country,  166  patients  with 
chronic  hepatitis  C  were  ran- 
domly assigned  to  receive  either 
no  treatment  or  one  of  two 
different  dosage  levels  of 
interferon-alpha  for  24  weeks. 
Serum  levels  of  alanine  amino- 
transferase, a  sensitive  enzyme 
marker  for  liver  damage,  de- 
creased to  normal  or  near  nor- 
mal levels  in  45  percent  of 
patients  on  the  higher  dose  of 
interferon,  in  28  percent  of 
those  on  the  lower  dose,  and  in 
only  8  percent  of  the  untreated 
subjects.  This  biochemically 
characterized  remission  per- 
sisted for  up  to  6  months  in 
about  half  of  the  patients 
treated  with  interferon. 

In  a  simultaneously  published 


study,  Dr.  Adrian  M.  Di 
Bisceglie  of  the  National  Insti- 
tute of  Diabetes  and  Digestive 
and  Kidney  Diseases  and  his 
coworkers  described  similar 
findings  in  21  patients  taking  an 
intermediate  dose  of  recombi- 
nant interferon-alpha,  com- 
pared to  20  who  received  a 
placebo.  In  this  study  the 
response  to  treatment  was  also 
transient  in  most  patients. 

The  similarity  of  the  results  of 
the  two  studies  was  remarkable, 
considering  the  differences  in 
the  study  designs,  Dr.  Davis 
comments.  In  fact,  he  says  "the 
results  were  nearly  identical. 
One  doesn't  see  that  very  often. 

"Hepatitis  C  accounts  for  the 
majority,  or  nearly  all,  of  par- 
enterally  acquired  non-A,  non-B 
hepatitis,  but  the  assay  for  hep- 
atitis C  is  not  yet  available  in 
the  United  States.  It  is  assumed 
but  not  confirmed  that  most  of 
the  patients  with  non-A,  non-B 
hepatitis  have  hepatitis  C." 

Hepatitis  C  viral  antibody 
assays  are  available  in  Europe 
and  will  probably  be  licensed  in 


University  of  Florida  physician 
Dr.  Gary  Davis  shows  a  patient 
how  to  self-inject  cloned 
interferon,  a  drug  being  tested 
for  hepatitis  C  therapy  at  the 
University  of  Florida  and  1 1  other 
medical  centers. 


the  United  States  soon.  In  the 
current  study  antibody  to  hepa- 
titis C  was  found  in  126  of  the 
146  patients  tested. 

Hepatitis  C  is  a  disease 
commonly  associated  with 
blood  transfusion,  but  only 
about  15  percent  to  20  percent 
of  hepatitis  C  infections  arc- 
acquired  by  transfusion,  Dr. 
Davis  says.  Intravenous  drug 
use  accounts  for  some  transnus 
sion,  but  the  route  of  infection 
is  unknown  in  half  or  more  of 
all  cases. 

The  majority  of  people  who 
are  acutely  infected  with  the 
hepatitis  C  virus  are  not  aware 
that  they  are  infected  until  the 
infection  becomes  chronic  and 
thev  develop  fatigue,  the  hall- 
mark symptom.  About  half  of 
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acute  hepatitis  C  infections 
become  chronic,  and  20  percent 
of  people  with  chronic  hepatitis 
C  develop  cirrhosis — a  liver  dis- 
ease in  which  functional  tissue 
is  replaced  by  nonfunctional 
fibrous  tissue — within  5  years. 
In  patients  with  cirrhosis,  liver 
failure  develops  very  slowly 
over  many  years.  Perhaps  one- 
fourth  of  these  patients  die  of 
liver  failure,  according  to  Dr. 
Davis. 

Naturally  occurring  inter- 
ferons are  proteins  produced  by 
virus-infected  cells;  the  inter- 
ferons stimulate  the  immune 
system  and  have  antiviral  ef- 
fects. Interferon-alpha  has  been 
reported  to  inhibit  the  replica- 
tion of  the  hepatitis- viruses. 
Previous  anecdotal  reports  sug- 
gested that  both  interferon- 
alpha  and  interferon-beta  may 
be  effective  against  chronic 
hepatitis  C. 

In  the  present  study,  recom- 
binant alpha-interferon  was 
administered  in  doses  of  1  mil- 
lion or  3  million  units  three 
times  a  week.  Patients  were 
taught  to  inject  themselves  sub- 
cutaneously  with  interferon,  so 
that  they  could  receive  the  treat- 
ment as  outpatients. 

Most  of  the  patients  who  re- 
sponded to  interferon-alpha  did 
so  within  the  first  3  months  of 
treatment.  In  addition  to  the 
reduction  in  serum  alanine 
aminotransferase  levels,  liver 
biopsy  specimens  showed  im- 
provement in  about  one-half  of 
the  patients  treated  with  3  mil- 
lion units  of  interferon  and  in 
more  than  one-fourth  of  those 
treated  with  the  lower  dose. 

Influonza-like  symptoms  de- 
veloped as  a  side  effect  of  inter- 
feron in  about  one-half  of  the 
treated  subjects  but  usually 
improved  or  resolved  spon- 
taneously in  a  short  time.  Diar- 
rhea and  mild  hair  loss  also 
occurred  in  about  one-third  to 
one-fourth  of  the  patients  tak- 
ing the  higher  dose  of  inter- 
feron. Treatment  was  discon- 
tinued permanently  because  of 
side  effects  in  one  patient. 

The  42  patients  who  re- 
sponded to  interferon  were  fol- 
lowed for  up  to  46  weeks  after 
treatment  was  stopped.  In  one- 
half  of  them  serum  alanine 
aminotransferase  levels  re- 
lapsed to  pretreatment  values, 


and  levels  rose  transiently  in  a 
sizable  number  of  those  who 
did  not  relapse  completely. 

Interferons  can  inhibit  viral 
activity  by  interfering  with  sev- 
eral different  steps  in  the  viral 
life  cycle  and  preventing 
infected  cells  from  releasing 
virus.  The  rapid  improvement 
in  liver  tests  in  patients  who 
respond  to  treatment  suggests 
that  alpha-interferon  is  working 
by  inhibiting  the  virus,  Dr. 
Davis  says.  "Once  we  get  the 
tools  to  measure  [viral  replica- 
tion], 1  suspect  we  are  going  to 
see  that  we  are  inhibiting  the 
virus  and  controlling  it  with 
therapy  rather  than  eradicating 
it,"  he  predicts. 

Interferon  has  many  stimula- 
tory effects  on  the  immune  sys- 
tem, which  makes  physicians 
hesitate  before  prescribing  it  for 
long  periods  or  to  patients  with 
autoimmune  disease.  Patients 
taking  interferon  have  devel- 
oped signs  of  autoimmune  stim- 
ulation such  as  production  of 
antithyroid  antibodies.  The 
clinical  impact  of  these  develop- 
ments is  not  clear,  however.  A 
few  people  taking  interferon 
have  developed  thyroid  disease, 
but  whether  thyroid  disease 
developed  spontaneously  or  as 
a  result  of  the  interferon  is  not 
clear,  Dr.  Davis  says. 

He  and  other  investigators  in 
the  Hepatitis  Interventional 
Therapy  Group  have  just 
launched  a  study  in  which 
patients  will  be  treated  with 
higher  doses  of  recombinant 
interferon  for  periods  of  up  to  1 
year.  "Our  first  study  deter- 
mined an  effective  dose,  but 
much  more  needs  to  be  done," 
he  says.  "We  don't  know 
whether  this  is  the  most  effec- 
tive dose,  dosing  interval,  or 
length  of  time  to  give  the  drug. 
A  response  rate  of  40  percent  or 
50  percent  is  better  than  any- 
thing shown  previously,  but 
our  research  needs  to  be  ex- 
tended so  we  can  increase  the 
number  of  responders  and 
reduce  the  relapse  rate." 

Researchers  are  discussing 
low-dose,  very  long-term 
therapy  as  an  alternative  strat- 
egy to  reduce  the  relapse  rate, 
but  it  is  not  likely  that  con- 
trolled trials  of  this  type  oi  tegi- 
men  will  take  place,  Dr.  Davis 
predicts.  "Our  first  goal  is  to 


see  whether  we  can  take  care  of 
hepatitis  C  with  a  single  course 
of  treatment.  If  that  is  ineffec- 
tive in  a  patient,  long-term  low- 
dose  therapy  might  be  at- 
tempted. Doctors  will  naturally 
put  patients  who  continually 
relapse  onto  long-term  low-dose 
therapy,  and  experience  is 
going  to  tell  us  whether  this  tac- 
tic is  effective  before  any  studies 
are  done." 
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Perfusion  Bioreactor  Module 

Cell  cultures  can  be  grown  or  maintained  under  controlled  conditions. 


The  perfusion  bioreactor  module  is  a 
self-contained,  closed-loop  cell-culture 
system  that  can  operate  in  microgravity  or 
on  Earth.  This  equipment  can  support  the 
growth  or  long-term  maintenance  of  cul- 
tures of  human  or  other  fragile  cells  for  ex- 
periments in  basic  cell  biology  or  process 
technology.  The  system  is  designed  to  sup- 
port the  proliferation  (initially  at  exponential 
rates  of  growth)  of  cells  in  a  complex 
growth  medium  and  to  maintain  confluent 
cells  in  a  defined  medium  under  conditions 
optimized  to  permit  or  encourage  selected 
functions  of  cells,  including  the  secretion  of 
products  of  cells  into  the  medium. 

The  system  (see  figure)  provides  contin- 
uous measurement  and  control  of  the  envi- 
ronment of  the  cells.  It  continually  supplies 
oxygen  and  critical  nutrients  and  removes 
toxic  metabolic  wastes.  The  bioreactor  is 
controlled  by  a  dedicated  microprocessor- 
based  controller,  which  is  connected  to 
sensors,  transducers,  relays,  and  control 
circuits.  The  system  measures  the  mass- 
transport  efficiencies  and  rates  of  transfer 
of  gases.  It  can  control  the  mechanical 
stress  imposed  by  mixing  and  by  devices 
(e.g.,  filters)  that  separate  the  cells  from  the 
medium.  It  can  remove  and  concentrate 
samples  of  the  cell-free  culture  medium  for 
external  analysis.  It  can  also  be  connected 
to  downstream  bioseparation  modules  that 
can  separate  protein  products  directly 
from  the  effluent  streams  of  the  concen- 
trated culture  medium. 

The  system  consists  of  five  subsystems. 
One  is  the  reaction  vessel,  which  is  equipped 
with  a  coaxial  spin  filter  and  independent- 
ly-rotated, hydrodynamically  contoured, 
flexible  stirring  vanes.  This  stirring-and-fil- 
tration  subsystem  is  designed  to  operate 
within  an  optimum  range  of  rotational 
speeds  for  uniform  mixing,  suspension  of 
the  cells  or  particles  carrying  cells,  and 
minimal  shear  or  collision  trauma  to  the 
cells.  The  vanes  are  rotated  slowly  for  mix- 
ing. The  filter  can  be  spun  slowly  to  en- 
hance control  of  the  shear  to  which  the 
cells  are  exposed  or  rapidly  enough  for 
withdrawal  of  the  medium  at  a  rate  of  80  to 
100  mL/min. 

The  medium-circulation  loop  connects 
the  other  subsystems.  It  includes  two 
blocks  of  sensors  that  measure  the  pH, 


The  Perfusion  Bioreactor  Module  monitors  and  maintains  a  cell  culture  in  a  growth 
or  maintenance  medium  under  controlled  conditions. 


pC02,  p02,  and  oxidation/reduction  poten- 
tials. From  the  differences  between  the 
p02  and  pC02  in  the  inflow  and  outflow 
streams,  the  microprocessor  can  calcu- 
late the  metabolic  rates  of  the  cells.  Valves 
add  concentrated  culture  medium  or  acid 
or  base  for  control  of  pH,  as  needed.  The 
hollow-fiber  dialysis  subsystem  is  con- 
trolled independently  and  has  its  own 
pump.  The  bubble  trap  (mainly  for  use  in 
microgravity)  removes  bubbles  formed  by 
the  dissolution  of  gas  or  by  inadvertent  in- 
jection of  gas  through  a  leak  in  the  oxy- 
genator 

The  product-concentration  side  loop  in- 
cludes a  high-molecular-weight  filter  that 
removes  serum  proteins  from  the  growth 
medium  and  concentrates  samples  of  the 
circulating  medium  for  analysis.  Connec- 
tions are  provided  to  send  the  low-molecu- 
lar-weight filtrate  to  a  waste  reservoir  or  to 
return  it  to  the  main  circulation  loop. 

The  gas-exchange  subsystem  consists 
mainly  of  the  oxygenator,  which  contains  a 
semipermeable  membrane  or  hollow-fiber 
gas-exchange  module.  Oxygen  is  trans- 
ported through  the  membrane  or  fiber  to 
saturate  the  depleted  medium,  and  carbon 
dioxide  is  transported  out  of  the  medium. 
This  subsystem  operates  similarly  to  a  con- 
ventional blood  oxygenator 


The  microprocessor-control  subsystem 
automatically  maintains  the  operation  of 
the  bioreactor  at  the  prescribed  schedule 
of  operating  parameters,  records  data 
from  the  sensors,  displays  the  status  of  the 
system,  and  alerts  the  technician  to  condi- 
tions that  require  intervention.  This  sub- 
system can  be  connected  with  any  of  a 
variety  of  personal  computers,  which  can 
operate  independently  to  analyze  data 
statistically  and  to  predict  adverse  trends 
in  operating  parameters. 

This  work  was  done  by  Dennis  ft 
Morrison  of  Johnson  Space  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Johnson  Space  Center. 
Refer  to  MSC-21361/TN. 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
Mail  Code  IC-4 
Houston,  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mall  Code  AL3 
Houston,  TX  77058 
(713)  483-4871 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Technology  Application 


Ames  Laboratory 


DIFFERENTIATING   MIRROR  IMAGE  MOLECULES 


Differentiating  mirror  image  forms  of  a  molecule  is  critical  in  a  wide  range  of  industries.  In 
the  pharmaceutical  industry,  one  form  of  a  drug  may  be  therapeutic  and  its  mirror-image  form 
inactive  or  even  fatal.  In  medical  laboratories,  only  one  of  the  mirror-image  forms  of 
cholesterol,  the  bound  form,  is  believed  to  cause  heart  disease,  yet  most  clinical  instruments  can 
measure  only  the  total  cholesterol. 

An  analytical  instrument  developed  at  the  Ames  Laboratory  solves  these  and  other 
problems  by  differentiating  mirror-image  forms  of  a  molecule.  The  device,  a  Micropol  LC 
detector,  is  used  in  conjunction  with  liquid  chromatography. 

The  Micropol  detector  provides  a  totally  different  way  of  detecting  biologically  important 
compounds,  based  on  their  optical  activity,  or  ability  to  rotate  a  plane  of  polarized  light.  The 
direction  of  rotation  determines  whether  a  molecule  is  the  left-  or  right-handed  form.  The 
angle  of  rotation  is  dependent  on  the  identity  of  the  compound  and  is  proportional  to  its 
concentration. 

The  instrument's  revolutionary  design  combines  three  outstanding  capabilities  that  make  it 
better  than  any  other  detection  device  that  can  be  used  in  conjunction  with  liquid 
chromatography.  It  can  measure  10"°  degrees  of  rotation,  which  translates  to  an  ability  to 
detect  nanogram  quantities  of  a  material.  This  sensitivity  is  a  thousand  times  greater  than 
that  of  existing  devices. 

Analyses  can  also  be  performed  with  much  smaller  sample  volumes.  This  is  significant 
because  it  allows  the  Micropol  to  accomodate  the  improvements  in  liquid  chromatography  that 
have  led  to  smaller  elution  volumes.  The  Micropol  LC  requires  only  .1  or  .001  ml  of  sample, 
which  is  50  to  500  times  less  than  that  required  by  other  systems  that  measure  optical  activity. 

The  third  advantage  of  the  Micropol  is  its  rapid  response  time  (1  second)  and  ability  to 
monitor  flow  streams,  which  make  it  well-suited  for  analyzing  industrial  process  streams  in 
real  time.  Its  response  is  predictable,  allowing  accurate  measurements. 

These  features  give  the  Micropol  LC  the  flexibility  to  perform  a  wide  range  of  analyses— 
from  determining  various  forms  of  sugar  to  classifying  coals  to  archeological  dating  of  amino 
acids.  And,  the  analyses  can  be  performed  virtually  anywhere— in  R&D  laboratories,  clinics, 
and  even  industrial  production  areas.  The  invention  received  an  R&D  100  Award  in  1989. 


Literature:  D.  R.  Bobbitt  and  E.  S.  Yeung,  "Absorption  Detection  in  Microcolumn  Liquid 

Chromatography  via  Indirect  Polarimetry,"  Analytical  Chemistry,  Vol.  57,  1985,  p.  271. 

Patent/License  Status:  U.S.  Patent  No.  4,498,774.  Licensed  to  Rudolph  Research  Company, 

Fairfield,  N.  J. 

Potential  Application/Spinoffs:  Diagnosis  of  heart  disease,  determining  drug  purity, 

classifying  coals,  sugars  in  urine,  protein  conformations,  and  identifying  amino  acids  for 

archeological  dating. 

For  More  Information  on  this  Technology:  Contact  Daniel  E.  Williams,  Office  of  Research  and 

Technology  Application,  Ames  Laboratory,  119  Office  and  Laboratory,  Iowa  State  University, 

Ames,  Iowa  50011  (515)294-2635. 
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Licensing 
Opportunity 


Calibrator  Blocks  for  Computerized  Tomography  (CT) 

Holes  of  known  size  and  location  enable  calibration  of  CT  systems. 


Set  of 

Calibrator 

Blocks 


Sets  of  calibrator  blocks  have  been  de- 
veloped for  use  with  industrial  computer- 
ized tomography  (CT)  systems.  A  set  of 
blocks  (or  a  number  of  stacked  sets  of 
blocks)  is  placed  on  the  object  table  of  a  CT 
system  and  scanned  in  the  usual  way  (see 
Figure  1).  The  blocks  include  holes  of 
known  size,  shape,  and  location.  The  ap- 
pearance of  these  holes  in  the  output  im- 
age of  the  CT  system  can  thus  be  used  to 
verify  the  operation  of  the  system. 

Each  set  of  blocks  consists  of  three 
nested  rings  surrounding  a  central  disk 
(see  Figure  2).  The  rings  and  disk  contain 
square  holes.  In  addition,  each  ring  con- 
tains a  round  hole  of  diameter  equal  to  the 
length  of  the  side  of  the  square.  Rugs  are 
made  to  fit  in  the  square  and  round  holes. 
Each  plug  contains  smaller  square  holes  of 
three  different  sizes.  Smaller  plugs  are  also 
made  to  fit  in  the  smaller  square  holes. 
Thus,  by  removing  and  inserting  rings  and 
plugs,  one  can  provide  tomographic  fea- 
tures over  a  range  of  sizes  to  test  and  cali- 
brate an  industrial  CT  system.  One  can 
also  test  axial  resolution  (the  thickness  of 
the  tomographic  "slice"  —  typically,  1 
mm)  by  scanning  between  two  stacked 
blocks  with  (or  without)  inserts  at  partial  fill 
from  the  interface. 

The  blocks,  plugs,  and  inserts  can  be 
made  of  any  of  a  variety  of  materials  —  for 
example,  various  metals  and  plastics.  It  is 


Figure  1.  ACT  Sys- 
tem Scans  the  cali- 
brator blocks  (e.g., 
with  x  rays  ory  rays) 
in  the  same  way  in 
which  it  scans  an 
unknown  object. 


Figure  2.  The  Set  of 
Calibrator  Blocks  in- 
cludes plugs  and 
smaller  inserts  that 
can  be  removed  to 
make  round  or 
square  holes  of 
known  sizes  and 
locations. 


Thickness  (Perpendicular 
to  Page)  3/8  In.  (10  mm) 


DETAIL  OF 
ROUND  PLUGS 


DETAIL  OF 
SQUARE  PLUGS 


desirable  to  have  sets  made  of  different 
materials  to  cover  the  range  of  densities 
that  the  CT  system  is  expected  to  scan. 

This  work  was  done  by  H.  Peter  Engel 
of  EG&G  Florida,  Inc.,  for  Kennedy 
Space  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Kennedy  Space  Center. 
Refer  to  KSC-11397/TN. 


John  F.  Kennedy 
Space  Center 

Technology  Utilization 
Officer:  Thomas  M. 
Hammond 
Mail  Stop  PT-TPO-A 
Kennedy  Space 
Center,  FL  32899 
(305)867-3017 
Patent  Counsel: 
James  O.  Harrell 
Mail  Code  PT-PAT 
Kennedy  Space 
Center,  FL  32899 
(305)  867-2544 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Software 

0789  Engineers  Refractive  Effects  Prediction  System  Revised 

0790  Extracting  Geocoded  Images  From  SAR  Data — The  SAR  imagery  is 
automatically  put  onto  a  map  in  the  desired  projection. 


♦ 


♦ 


,N 


AVY 

Domestic  Technology  Transfer  Fact  Sheet 


Software 


Engineers  Refractive  Effects  Prediction  System  Revised 


The  Naval  Ocean  Systems  Center 
(NOSC),  San  Diego,  California,  has 
revised  the  Engineers  Refractive 
Effects  Prediction  System  (EREPS),  a 
collection  of  individual  computer 
programs  originally  designed  to 
assist  engineers  in  properly  assessing 
electromagnetic  propagation  effects 
of  the  lower  atmosphere  on  proposed 
radar,  electronic  warfare,  or 
communications  systems.  The 
EREPS  programs  were  developed 
using  Microsoft  QuickBASIC  Version 
3.0.  Revision  1.00  now  incorporates 
three  individual  IBM-PC  programs: 
PROPR,  SDS,  and  RAYS. 

PROPR  generates  a  plot  of  path 
loss,  propagation  factor,  or  radar 
signal-to-noise  ratio  versus  range  for 
a  variety  of  environmental  conditions 
from  which  signal  levels  relative  to  a 
specified  threshold  or  maximum 
range  can  be  determined. 

SDS  is  the  primary  source  of 
environmental  inputs  to  PROPR.  It 
displays  an  annual  historical 
summary  of  evaporation  duct, 
surface-based  duct,  and  other 
meteorological  parameters  for  many 
10- by  10-deg  squares  of  the  Earth's 
surface. 


RAYS  is  a  raytrace  program  that 
shows  altitude-versus-range  tra- 
jectories of  a  series  of  rays  for  any 
user-supplied  refractive  index 
profile.  It  includes  an  option  to  dis- 
play altitude  error  relative  to  a 
standard  atmosphere. 

Although  EREPS  contains  many 
similarities  to  the  Integrated 
Refractive  Effects  Prediction  System 
(IREPS),  used  since  1978  for 
operational  propagation  assessment, 
fundamental  differences  exist. 
EREPS  has  been  specifically 
designed  for  comparative  studies 
using  interactive  graphics  displays. 
It  is  better  suited  to  long-term 
statistical  performance  assessment 
for  a  specified  area,  and  it  gives 
better  results  for  low-altitude 
applications. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  150104/TN 
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Extracting  Geocoded 
Images  From  SAR  Data 

The  SAR  imagery  is 
automatically  put  onto  a  map 
in  the  desired  projection. 

MAPJTC  was  designed  to  rectify  and 
transform  the  standard  image  output  of  a 
digital  synthetic-aperture-radar  (SAR)  cor- 
relator into  an  image  registered  with  a 
geocoded  map,  without  manual  tiepointing 
or  other  interaction  with  the  operator.  This 
is  accomplished  by  mathematically  model- 
ing the  distortions  and  predicting  the 
displacements  of  the  picture  elements  on 
the  basis  of  parameters  of  the  radar  and  its 
moving  platform.  The  map  projection  im- 
plemented in  MAPJTC  is  the  universal 
transverse  mercator.  Because  the  resam- 
pling operation  is  independent  of  the  gen- 
eration of  transformation  data,  other  carto- 
graphic projections  can  be  implemented 
with  few  modifications  of  the  software. 

MAPJTC  makes  a  precise  determina- 
tion of  the  geodetic  location  of  an  arbitrary 
picture  element  within  the  image  frame 
based  on  the  simultaneous  solution  of  a  set 
of  Earth-model  equations,  SAR  Doppler 


equations,  and  SAR  range  equations  that 
identify  the  slant  range  from  the  sensor  to 
the  target  at  a  specific  picture  element  in 
the  image.  On  the  basis  of  a  table  of  geo- 
detic coordinates  of  the  picture  elements, 
the  image  is  then  mapped  onto  the  desired 
cartographic  projection  by  applying  the  ap- 
propriate transformation  equations. 

Typically,  mapping  involves  a  two-di- 
mensional resampling  and  is  very  compu- 
tationally intensive.  MAPJTC  reduces  the 
procedure  to  two  one-dimensional  passes, 
thereby  saving  computer  time.  Geocoding 
transforms  the  rectified  image  into  a  grid 
defined  by  a  specific  map  projection.  (The 
image  is  rotated  and  rectified  to  match  the 
map  projection.)  Again,  the  two-dimension- 
al resampling  process  can  be  separated 
into  two  one-dimensional  resampling  proc- 
esses. Optionally,  MAPJTC  can  correct 
terrain-induced  distortions  in  SAR  imagery 
when  a  digital  elevation  map  is  available. 


MAPJTC  was  developed  on  a  DEC  VAX 
11/785  computer  under  VMS  4.5.  The  pro- 
gram is  written  in  FORTRAN  (84  percent), 
APAL  (2  percent),  and  MAXL  (14  percent).  It 
requires  6  Mb  of  memory  and  a  Floating 
Point  Systems  AP-5210  Array  Processor 
equipped  with  1  Mb  of  memory.  MAPJTC 
can  run  interactively  or  as  a  batch  job. 
MAPJTC  was  developed  in  1987. 

This  program  was  written  by  John  C. 
Curlander,  Ronald  Kwok,  Shirley  S.  Pang 
and  Amy   A.    Pang   of   NASA's   Jet 
Propulsion  Laboratory. 
NPO-17418/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT: 

COSMIC* 

112  Barrow  Hall 
University  of  Georgia 
Athens.  GA  30620 
(404)  542-3265 
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Physical  Sciences 


0791  New  PC  Data  File  on  Atomic  Radiation  Announced 

0792  PC  Database  Available  for  Biochemists 

0793  Enhancement  of  Pt/SnO(2)  Catalysts  by  Addition  of  H(2)0— Water 
vapor  in  pretreatment  gas  restores  essential  hydroxyl  groups. 

0794  Equations  for  Isocaloric  Fountain-Effect  Pumps — Operating 
characteristics  of  leaky  pumps  are  derived. 

0795  Liquid-Flow  Controller  Responds  to  Pressure — The  variation  of  pressure 
with  flow  is  reduced. 

0796  Temperature  Rises  in  Pumps  for  Superfluid  Helium — The  characteristics 
of  Centrifugal  and  fountain-effect  pumps  are  compared. 

Software 

0797  Birefringent-Filter  Model — An  interactive  computer  program  aids  in  the 
design  of  solid-state  lasers. 

0798  Cumulative  Poisson  Distribution  Program — Overflow  and  underflow  in 
sums  is  prevented. 

Testing  &  Instrumentation 

0799  Transmission  Polarizer  for  Neutron  Beams 

0800  Aqueous  Solutions  Valuable  for  Calibrating  Instruments 

0801  Detection  of  Gas-Phase  Polymerization  in  SiH(4)  and  GeH(4) — Inelastic 
scattering  of  light  reveals  conditions  unfavorable  for  the  deposition  of 
amorphous  SiGe:H. 

0802  Integrated  Grating  Spectrometer— An  entire  spectrometer  would  be 
fabricated  on  a  silicon  wafer. 

Other  Items  of  Interest 

0741     Acoustic  Humidity  Sensor — The  speed  of  sound  in  air  depends  on  the 
water  content. 

0780     Computer  Simulation  of  Cyclic  Oxidation — A  program  predicts  oxidation 
kinetics  for  various  durations  and  numbers  of  cycles. 

0787     Differentiating  Mirror  Image  Molecules 


♦ 
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NIST  Technology  Update 


k    National  Institute  of  Standards  &  Technology 

r     U.S.  Department  of  Commerce,  Gaithersburq,  MP  20899 


New  PC  Data  File  on  Atomic  Radiation  Announced 


Space  scientists,  astrophysicists,  combustion  and  fusion  engineers,  designers  of  laser  systems,  and  plasma  scientists 
and  modelers  now  have  a  new  reference  that  can  be  stored  on  personal  computers  (PCs)  for  analyzing  the  properties 
of  plasmas  and  the  performance  of  hot  gaseous  systems.  NIST  Standard  Reference  Database  24,  Atomic  Transition 
Probabilities  Data  File,  Scandium  Through  Nickel,  contains  numerical  data  on  eight  iron-group  elements  -  atomic 
numbers  21  to  28  -  that  were  published  in  Supplements  3  and  4  to  Volume  17  (1988)  of  the  Journal  of  Physical  and 
Chemical  Reference  Data.  The  iron-group  elements  are  of  particular  interest  to  space  scientists  who  use  atomic 
spectroscopy  techniques  to  determine  the  temperatures  of  stars.  The  database  contains  two  types  of  files:  numeri- 
cal files,  or  tables  containing  atomic  transition  probabilities  and  spectral  identification  data;  and  files  of  references 
pertaining  to  the  numeric  tables. 

FOR  ADDITIONAL  INFORMATION:  The  data  file  is  available  for  $125  from  the  Office  of  Standard  Reference 
Data  Programs,  A323  Physics  Bldg.,  NIST,  Gaithersburg.,  Md.  20899;  (301)975-2208. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

PC  Database  Available  for  Biochemists 


A  new  computerized  database  for  biochemists  in  industrial  laboratories  and  universities 
worldwide  brings  together  for  the  first  time  all  of  the  published  information  on  the  successful 
crystallization  of  proteins  and  nucleic  acids.  This  important  research  tool  for  the  design  of  new 
drugs  and  chemical  processes  was  developed  by  Dr.  Gary  L.  Gilliland,  NIST  research  chemist 
and  fellow  of  the  Center  for  Advanced  Research  in  Biotechnology  (CARB).  The  database  is 
designed  for  personal  computers  and  contains  crystal  data  and  the  crystallization  conditions  for 
more  than  1,000  crystal  forms  of  over  600  biological  macromolecules.  For  each  crystal  entry 
there  is  a  complete  description  of  crystallization  conditions  and  related  crystallographic  data. 
Also  provided  are  evaluated  critical  data  on  the  physical  characteristics  of  known  crystals, 
including  unit  cell  parameters,  space  group,  crystal  density,  and  diffraction  limit. 

FOR  ADDITIONAL  INFORMATION:  NIST/CARB  Biological  Macromolecule  Crystallization 
Database,  Standard  Reference  Database  21  is  available  for  $300  from  Standard  Reference  Data 
Program,  A323  Physics  Bldg.,  NIST,  Gaithersburg,  Md.  20899;  telephone:  301/975-2208. 
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Enhancement  of  Pt/Sn02  Catalysts  by  Addition  of  H20 

Water  vapor  in  pretreatment  gas  restores  essential  hydroxyl  groups. 


Platinum  on  tin  oxide  (Pt/Sn02)  is  a  good 
catalyst  for  the  oxidation  of  carbon  monox- 
ide (CO)  at  temperatures  from  about  25  °C 
to  100  °C.  The  activity  of  Pt/Sn02  for  CO  ox- 
idation is  significantly  enhanced  by  pre- 
treating  it  at  approximately  225  °C  with  a 
reducing  gas  such  as  CO.  However,  such 
pretreatment  frequently  causes  an  initial 
dip  in  the  activity  of  the  catalyst  before 
the  enhanced  steady-state  activity  is 
achieved,  as  shown  in  the  figure. 

The  initial  dip  in  the  activity  of  the 
catalyst  is  caused  by  dehydration  of  the 
surface  of  the  catalyst  during  the  pretreat- 
ment. Dehydration  converts  reactive  hy- 
droxyl (OH)  groups  on  the  surface  to  less 
reactive  doubly-bonded  oxygen  atoms. 
The  downward  portion  of  the  dip  shows  the 
initial  loss  in  catalyst  activity  as  the  few  re- 
maining hydroxyl  groups  are  used  up.  The 
ensuing  upward  portion  results  from  re- 
hydration of  the  surface  by  migration  of 
Hp  (or  OH)  from  the  bulk  of  the  catalyst. 

The  dip  in  the  activity  of  the  catalyst  can 
be  eliminated  by  rehydrating  the  catalyst 
prior  to  use.  The  rehydration  is  accom- 
plished by  exposing  the  catalyst  to  a  hu- 
midified inert  gas  between  pretreatment 
and  exposure  to  the  CO/02  reaction  mix- 
ture or  by  humidifying  the  reaction  mixture 
itself. 

As  the  figure  also  shows,  the  humidifica- 


tion  of  the  catalyst  not  only  eliminates  the 
initial  dip  in  activitiy  but  also  enhances  the 
steady-state  activity  as  well.  The  possibility 
that  these  observations  apply  to  other 
noble-metal/reducible-oxide  catalysts  is 
currently  being  investigated.  Such  cata- 
lysts are  needed  to  maintain  high  output  in 
C02  lasers  and  are,  therefore,  of  great 
technological  importance.  This  technique 
would  be  useful  in  the  manufacture  of  high- 


power  C02  lasers  for  industrial  and  scien- 
tific uses. 

This  work  was  done  by  David  R.  Schryer 
and  Barry  D.  Sidney  of  Langley  Research 
Center;  John  D.  Van  Norman,  Kenneth  G. 
Brown,  and  Jacqueline  Schryer  of  Old 
Dominion  Research  Foundation  and  Billy 
T.  Upchurch  of  Science  and  Technology 
Corp.  No  further  documentation  is 
available. 
LAR-14084/TN 


Catalyst  Pretreated  With  CO  in  He  at  225  °C 
Reaction  Gas  Humidified  With  0.1  Percent  H20 

Catalyst  Pretreated  With  CO  in  He  at  225 °C,  React 


ion  Gas  Dry 


Catalyst  Not  Pretreated,  Reaction  Gas  Dry 


1  Percent  CO  +  0.5  Percent  O2  ■ 
in  He  carrier 


Pt/Sn02 


C02 


Time 

Pretreatment  of  a  Pt/Sn02  Catalyst  with  humidified  gas  results  in  an  improvement  in  the  ac- 
tivity of  the  catalyst,  as  manifested  in  the  yield  of  C02  in  the  catalyzed  reaction  between  CO 
and  0o. 
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Equations  for  Isocaloric 
Fountain-Effect  Pumps 

Operating  characteristics  of 
leaky  pumps  are  derived. 

A  report  presents  equations  for  the  ther- 
modynamics! characteristics  of  leaky  foun- 
tain-effect pumps  operating  at  constant 
rates  of  input  heating.  The  equations  differ 
from  those  developed  previously  for  foun- 
tain-effect pumps  operating  at  constant  dif- 
ferences of  temperature,  in  which  the 
pressure  heads  and  rates  of  flow  are  inde- 
pendent of  each  other. 

The  fountain  effect,  also  known  as  the 
thermomechanical  effect,  is  the  tendency 
of  superfluid  helium  to  flow  through  a  capil- 
lary tube  in  the  direction  of  increasing  tem- 
perature. One  stage  of  a  fountain-effect 
pump  contains  a  porous  plug,  which  sepa- 
rates a  source  of  superfluid  helium  at  a 
lower  temperature,  7"0,  from  a  region  at  a 
higher  temperature,  7} ,  into  which  the  fluid 
is  to  be  pumped. 

The  analysis  begins  with  the  basic  equa- 
tions of  the  thermomechanical  effect.  As- 
suming that  the  rate  of  input  heating  is  con- 
stant, that  the  flow  through  the  pump  is 


subcritical  (below  the  onset  of  quantized 
vorticity),  that  the  temperatures  vary  slow- 
ly, and  that  the  viscosity  and  the  ratio  of 
specific  heat  at  constant  chemical  poten- 
tial to  entropy  are  independent  of  tempera- 
ture, the  author  derives  the  equations  for 
the  mass-flow  rate  and  pumping  pressure 
of  an  ideal  single-stage  pump.  This  line  of 
analysis  is  then  extended  to  describe  an 
ideal  pump  in  which  multiple  stages  are 
connected  by  partially-heat-sunk  vortex 
tubes  and  the  flows  in  the  tubes  are  highly 
turbulent. 

Next,  an  effective  thermal  conductivity 
is  introduced  to  account  for  the  heat  car- 
ried by  the  viscous  leakage  of  normal  (non- 
superfluid)  helium  backward  through  the 
pores  of  the  plug(s).  The  equations  of  the 
ideal  single-  and  multiple-stage  pumps  are 
modified  to  include  this  effect.  The  result- 
ing equations  can  be  used  to  calculate  var- 
ious measures  of  performance  of  a  leaky 
fountain-effect  pump;  e.g.,  pressure  head 


as  a  function  of  mass-flow  rate,  hydro- 
thermodynamic  efficiency,  and  transfer  ef- 
fectiveness (the  fraction  of  pumped  mass 
remaining  after  a  portion  has  been  evapo- 
rated to  keep  the  process  at  constant  tem- 
perature). The  following  conclusions  can 
be  drawn  from  the  equations: 

•  The  pressure  head  decreases  monotoni- 
cally  with  increasing  rate  of  flow. 

•  The  pressure  head  and  rate  of  flow  of  a 
leaky  pump  are  always  less  than  those  of 
an  ideal  pump. 

•  At  low  rates  of  flow,  multistage  pumps  give 
higher  pressure  heads  than  do  single- 
stage  pumps.  At  high  rates  of  flow,  single- 
stage  pumps  give  higher  pressure  heads. 

•  The  performance  of  a  fountain-effect  pump 
improves  dramatically  as  its  temperatures 
decrease. 

This  work  was  done  by  Peter  Kittel  of 
Ames  Research  Center.  "Operating 
Characteristics  of  Isocaloric  Fountain- 
Effect  Pumps. "  ARC- 11 850/TN 
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Liquid-Flow  Controller  Responds  to  Pressure 

The  variation  of  pressure  with  flow  is  reduced. 


A  mechanism  that  controls  the  flow  of  a 
liquid  in  a  fuel-spraying  head  in  a  combus- 
tion chamber  responds  nonlinearly  to  the 
pressure  of  the  liquid.  At  low  pressure,  it 
provides  fine  control  of  the  spray.  As  the 
flow  and  pressure  increase,  it  provides  a 
larger  increase  in  flow  in  response  to  a 
smaller  increase  in  pressure,  thereby 
keeping  the  maximum  required  pressure 
modest. 

The  mechanism  is  part  of  the  fuel-injec- 
tion system  of  a  rocket  engine.  It  admits  liq- 
uid fuel  into  the  combustion  chamber  so 
that  the  fuel  enters  along  the  flow  of  gase- 
ous oxidizer.  The  principle  of  operation 
should  be  applicable  to  spraying  heads  for 
other  fluids. 

The  liquid,  fed  by  a  pump,  enters  a 
spraybar  mounted  in  a  slot  in  a  faceplate. 
The  spraybar  includes  a  flexible  shell  that 
forms  a  cavity  around  a  row  of  cylindrical 
collars  like  the  one  shown  in  Figure  1.  Each 
collar  slides  on  an  entry  tube.  The  liquid 
flows  into  the  cavity  and  through  a  slot  in 
the  collar  into  the  entry  tube.  It  blends  with 
a  peripheral  flow  of  oxidizer  as  it  leaves  the 
entry  tube.  An  array  of  such  spraybars  in- 
jects fuel  into  the  combustion  chamber. 

The  shell  of  the  spraybar  expands  in  mid- 
section diameter  and  contracts  in  length  as 
the  pressure  of  the  fuel  increases.  The  col- 
lar slides  downward  as  the  shell  shortens, 
thereby  increasing  the  open  area  between 
the  slot  in  the  collar  and  a  mating  slot  in  the 
entry  tube.  Thus,  propellant  can  flow  at  a 
higher  rate  into  the  entry  tube  and  the  com- 
bustion chamber. 

Conversely,  when  the  pressure  in  the  liq- 
uid decreases,  the  shell  narrows  at  its  mid- 
section and  increases  in  length.  The  collar 
rises  on  the  entry  tube  and  decreases  the 
open  area  of  the  slots.  Propellant  then 
flows  at  a  lower  rate. 

If  the  area  of  the  open  slot  were  con- 
stant, the  pressure  would  increase  steeply 


Flow  of 
Liquid 


Entry 

slTs  Tube 


Flow  of 
Gas 

LOWER  PRESSURE,  LOWER  FLOW 


HIGHER  PRESSURE,  HIGHER  FLOW 


Figure  1.  The  Shell  of  the  Spraybar  expands  or  contracts  laterally  as  its  internal  pressure 
rises  or  falls,  forcing  the  collar  down  or  up  on  the  entry  tube.  The  area  of  the  window  formed 
by  the  slots  in  the  collar  and  entry  tube  thus  increases  or  decreases. 

with  the  flow.  The  pump  would  therefore 
have  to  generate  an  increasingly  higher 
pressure  for  a  diminishing  increase  in  flow. 
With  the  variable-area  slot  opening,  the  re- 
quired pressure  tends  to  level  off  at  higher 
flows  (see  Figure  2).  Thus,  the  pump  can 
provide  the  required  high  flow  of  fuel  at  rea- 
sonable pressure. 

This  work  was  done  by  George  B.  Cox, 
Jr.,  of  United  Technologies  Corp.  for  Mar- 

XS  ?£|ighl  CentGr  Varlable-Are 

MFS-28329/TN  Sl0t 


Flow 

Figure  2.  The  Drop  In  Pressure  Through  a 
Variable-Area  Orifice  increases  much  more 
with  flow  through  the  orifice  than  does  the 
corresponding  drop  in  pressure  with  flow 
through  a  fixed-area  orifice.  In  practical 
terms,  a  lower  pump  pressure  is  needed 
with  the  variable  orifice  for  a  given  flow  of 
liquid. 
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Temperature  Rises  in 
Pumps  for  Superfluid 
Helium 

The  characteristics  of 
centrifugal  and  fountain- 
effect  pumps  are  compared. 

A  report  discusses  the  increases  in  the 
temperature  of  superfluid  helium  in  cen- 
trifugal and  fountain-effect  pumps.  Such 
pumps  are  intended  for  use  in  transfers  of 
superfluid  helium  in  outer  space.  The  in- 
creases in  temperature  significantly  affect 
losses  during  transfers  and  are,  therefore, 
important  in  the  selection  of  the  tempera- 
tures of  supply  tanks. 

For  the  purpose  of  this  study,  the  in- 
crease in  temperature  in  the  fountain-ef- 
fect pump  is  calculated  on  the  basis  of 
thermodynamic  considerations,  starting 
from  the  assumption  of  an  ideal  pump.  The 
results  of  recent  tests  of  the  ceramic  ma- 
terial intended  for  use  in  such  pumps  sup- 
port this  assumption. 

The  basic  equations  that  describe  the 
thermodynamic  characteristics  of  the 
ideal  fountain-effect  pump  are  those  of  the 
thermomechanical  effect.  The  mode  of  op- 
eration is  assumed  to  be  that  of  a  constant 
rate  of  input  of  heat.  The  combination  of 
the  two  basic  equations  for  this  mode 
yields  a  new  pair  of  equations  that  express 
the  operating  characteristics  of  the  pump: 
(1)an  equation  for  the  increase  in  pressure 


as  a  function  of  the  rate  of  input  of  heat, 
rate  of  flow  of  mass,  and  the  temperature 
at  the  inlet  to  the  pump  and  (2)  an  equation 
for  the  increase  in  temperature  as  a  func- 
tion of  the  increase  in  pressure  and  the 
temperature  at  the  inlet. 

The  increase  in  temperature  in  the  cen- 
trifugal pump  is  also  calculated  on  the 
basis  of  thermodynamic  considerations, 
but  ideal  behavior  is  not  assumed.  Instead, 
the  measured  operating  characteristics  of 
a  prototype  centrifugal  pump  are  inserted 
in  the  equations  to  obtain  an  estimate.  The 
product  of  this  analysis  is  three  equations: 
one  for  the  increase  in  temperature  as  a 
function  of  the  increase  in  pressure,  the 
measured  efficiency  of  the  pump,  and  the 
temperature  at  the  inlet;  one  for  the  effi- 
ciency as  a  function  of  the  rate  of  flow  of 
mass  and  the  speed  of  rotation  of  the 
pump;  and  one  for  the  speed  of  rotation  of 
the  pump  as  a  function  of  the  rate  of  flow  of 
mass  and  the  increase  in  pressure. 

The  comparison  of  the  equations  for  the 
two  pumps  reveals  four  principal  differ- 
ences. First,  the  increase  in  temperature  in 
the  centrifugal  pump  is  less  than  that  in  the 


fountain-effect  pump  except  at  very  low 
flows  and  high  increases  in  pressure.  Sec- 
ond, the  temperature  at  the  outlet  of  the 
fountain-effect  pump  depends  only  slightly 
on  the  temperature  at  the  inlet.  Third, 
under  the  conditions  expected  during  the 
cooling  of  a  warm  receiving  tank,  the  cen- 
trifugal pump  has  an  operating  character- 
istic better  than  that  of  a  fountain-effect 
pump.  Fourth,  the  centrifugal  pump  has  an 
optimum  operating  curve,  near  the  curve 
of  maximum  thermodynamic  efficiency,  for 
which  the  increase  in  temperature  is 
minimized.  Overall,  the  centrifugal  pump  is 
more  effective  because  it  produces  a 
smaller  rise  in  temperature. 

This  work  was  done  by  Peter  Kittel  of 
Ames  Research  Center.  Further  informa- 
tion may  be  found  in  NASA  TM-100997 
[N88-27507],  Price  Code:  A02  "Tempera- 
ture Rise  in  Superfluid  Helium  Pumps. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800) 
336-4700.  ARC-122647TN 
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Birefringent-Filter  Model 

An  interactive  computer 
program  aids  in  the  design 
of  solid-state  lasers. 

Birefringent  filters  are  often  used  to  nar- 
row spectral  lines  (that  is,  as  band-pass 
filters)  in  solid-state  lasers.  The  Birefringent 
Filter  Model  computer  program  imple- 
ments a  stand-alone  mathematical  model 
of  a  birefringent  filter  for  use  in  the  design 
and  analysis  of  a  birefringent  filter.  It  was 
originally  developed  to  aid  in  the  design  of 
solid-state  lasers  to  be  used  on  aircraft  or 
spacecraft  in  remote  sensing  of  the  atmos- 
phere. The  model  is  general  enough  to  en- 
able the  user  to  address  such  problems  as 
temperature-stability  requirements,  manu- 
facturing tolerances,  and  alignment  toler- 
ances. 

The  input  parameters  for  the  program 
are  divided  into  seven  groups:  (1)  general 
parameters  that  refer  to  all  elements  of  the 
filter;  (2)  parameters  related  to  wavelength; 
(3)  filter,  coating,  and  orientation  parame- 
ters; (4)  parameters  of  input  rays;  (5)  speci- 
fications of  output  devices;  (6)  parameters 


related  to  components;  and  (7)  parameters 
of  transmission  profiles.  The  program  can 
analyze  a  birefringent  filter  with  as  many  as 
12  different  components,  which  may  in- 
clude polarizers  and  Brewster-angle 
plates,  and  can  calculate  the  transmission 
and  summary  parameters  for  multiple 
passes  as  well  as  for  a  single  pass  through 
the  filter. 

The  Jones  matrix,  which  is  calculated 
from  the  input  parameters  of  groups  1 
through  4,  is  used  to  calculate  the  trans- 
mission. Output  files  containing  the  calcu- 
lated transmission  or  the  calculated  Jones 
matrix  as  a  function  of  wavelength  can  be 
created.  These  output  files  can  then  be 
used  as  inputs  for  programs  written  by  the 
user.  For  example,  to  plot  the  transmission 
or  to  calculate  the  eigentransmittances 
and  the  corresponding  eigenpolarizations 
for  the  Jones  matrix,  the  appropriate  data 
are  written  to  a  file. 


The  Birefringent  Filter  Model  program  is 
written  in  Microsoft  FORTRAN  2.0.  The  for- 
mat of  the  program  is  interactive.  It  was 
developed  on  an  IBM  PC  XT  equipped  with 
an  8087  math  coprocessor  and  has  a  cen- 
tral-memory requirement  of  approximately 
154K.  Since  Microsoft  FORTRAN  2.0  does 
not  support  complex  arithmetic,  matrix 
routines  for  addition,  subtraction,  and 
multiplication  of  complex,  double-precision 
variables  are  included.  The  Birefringent 
Filter  Model  program  was  written  in  1987. 

This  program  was  written  by  Patricia 
L.  Cross  and  Clayton  H.  Bair  of  Langley 
Research  Center.  LAR-13945/TN 
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Cumulative  Poisson 
Distribution  Program 

Overflow  and  underflow  in 
sums  is  prevented. 

The  Cumulative  Poisson  Distribution 
Program,  CUMPOIS,  is  one  of  two  comput- 
er programs  that  make  calculations  involv- 
ing cumulative  Poisson  distributions.  Both 
programs,  CUMPOIS  (NPO-17714)  and 
NEWTPOIS  (NPO-17715),  can  be  used  in- 
dependently of  one  another.  CUMPOIS  de- 
termines the  cumulative  Poisson  distribu- 
tion, which  can  be  used  to  evaluate  the 
cumulative  distribution  function  (cdf)  for  r 
distributions  with  integer  shape  parame- 
ters and  the  cdf  for  X2  distributions  with 
even  degrees  of  freedom.  It  can  be  used  by 
statisticians  and  others  concerned  with 
probabilities  of  independent  events  occur- 
ring over  specific  units  of  time,  area,  or 
volume. 

CUMPOIS  calculates  the  probability 
that  n  or  fewer  events  (i.e.,  cumulative)  will 
occur  within  any  unit  when  the  expected 
number  of  events  is  given  as  A.  Normally, 


this  probability  is  calculated  by  a  direct 
summation,  from  /  =  0  to  n,  of  terms  that 
involve  the  exponential  function,  A,  and  in- 
verse factorials.  This  approach,  however, 
eventually  fails  because  of  underflow  for 
sufficiently  large  values  of  n.  In  addition, 
when  an  exponential  term  is  moved  out- 
side of  the  summation  for  simplification, 
there  is  a  risk  that  the  terms  remaining 
within  the  summation,  and  the  summation 
itself,  will  overflow  for  certain  values  of  / 
and  A.  CUMPOIS  eliminates  these  possibili- 
ties by  multiplying  an  additional  exponen- 
tial factor  into  the  summation  terms  and 
the  partial  sum  whenever  there  is  a  threat 
of  overflow  or  underflow.  The  reciprocal  of 
this  term  is  then  multiplied  by  the  com- 
pleted sum  to  obtain  the  cumulative  proba- 
bility. 

The  CUMPOIS  program  is  written  in  C.  It 
was  developed  on  an  IBM  AT  computer 


with  a  numeric  coprocessor  using  Micro- 
soft C  5.0.  Because  the  source  code  is  writ- 
ten using  standard  C  structures  and  func- 
tions, it  should  compile  correctly  on  most  C 
compilers.  The  program  format  is  interac- 
tive, accepting  A  and  n  as  inputs.  It  has 
been  implemented  under  DOS  3.2  and  has 
a  memory  requirement  of  26K.  CUMPOIS 
was  developed  in  1988. 

This  program  was  written  by  Paul  N. 
Bowerman,    Ernest  M.    Scheuer,    and 
Robert  Notly  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 
NPO-17714/TN 
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Transmission  Polarizer  for  Neutron  Beams 


Key  words:  Small-angle  scattering;  thermal 
neutrons;  polarized  neutron  beam;  supermirror; 
nondestructive  evaluation 


A  highly  efficient  transmission  polarizer  for  short- 
wavelength  neutrons  has  been  developed  at 
ORNL.  For  the  first  time,  highly  polarized  beams 
can  be  produced  efficiently  from  the  2.5-A  neutrons 
that  are  abundant  in  a  normal  reactor  spectrum. 
This  device  also  opens  up  the  field  of  polarization 
analysis  in  small-angle  scattering,  making  possible 
a  wide  variety  of  experiments  on  magnetic  and 
hydrogen-containing  materials  such  as 
superconductors,  polymers,  and  biological 
materials.  Furthermore,  the  mathematical 
techniques  used  in  developing  this  polarizer  are 
applicable  to  optical  devices  for  all  types  of 
radiation. 

The  transmission  polarizer,  analogous  to  a 
multilayer  broad-band  optical  filter,  is  composed  of 
a  stack  of  "supermirrors."  Supermirrors  are  made 
by  applying  thin  layers  of  reflective  magnetic 
material  to  thicker  layers  of  single-crystal  silicon, 
which  are  nearly  transparent  to  neutrons.  The 
proper  layer  thicknesses  of  an  iron  alloy  and 
aluminum  have  been  found  that  give  excellent 
polarization  and  reflectivity  (Fig.  1 ).  A  stack  of 
supermirrors  made  by  standard  commercial 
sputtering  techniques  was  assembled  to  produce  a 
polarizer  about  6.5  cm  long  and  3.7  cm  thick;  it 
produces  a  beam  size  of  about  6.5  by  3  cm. 
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Fig.  1.  Transmission  electron  microscope  picture  of 
the  80-layer  supermirror  used  in  the  ORNL  prototype 
polarizer.  The  lighter  bands  are  layers  of  aluminum; 
the  dark  bands  are  an  alloy  of  iron  and  cobalt. 
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Fig.  2.  Performance  of  the  80-mirror  transmission 
polarizer.  A  collimator  set  at  0.65   would  accept 
neutrons  of  only  the  desired  polarization  state. 

The  polarizer  is  highly  efficient  (Fig.  2)  and  can 
be  used  with  a  standard  neutron  scattering 
spectrometer.  Neutrons  of  either  spin  state  can  be 
analyzed  by  choosing  either  the  refracted  or  the 
undeviated  beam.  This  device  has  been  applied 
successfully  (both  to  polarize  the  incident  beam 
and  to  analyze  the  polarization)  in  tests  to 
understand  the  structure  and  behavior  of 
superconducting  materials. 


W.-H.  Li  et  al.,  "  Long-Range  Antiferromagnetic  Order  of 
the  Cu  in  Oxygen-Deficient  RBa2Cu306+x , "  Phys.  Rev.  B 
37(16),  9844^7  (June  1,  1988). 

J.  W.  Lynn  et  al.,  "Nature  of  the  Magnetic  Order  of  Cu  in 
Oxygen-Deficient  NdBa2Cu306^, "  Phys.  Rev.  Lett. 
60(26),  2781-84  (June  27,  1988). 

H.  A.  Mook  and  J.  B.  Hayter,  "Transmission  Optical 
Device  To  Produce  Intense  Polarized  Neutron  Beams," 
Appl.  Phys.  Lett.  53(8),  648-50  (August  1988). 

J.  B.  Hayter  and  H.  A.  Mook,  "Discrete  Thin-Film 
Multilayer  Design  for  X-Ray  and  Neutron  Supermirrors," 
J.  Appl.  Crystallogr.  22,  35^1  (1989). 


Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
FEDC,  P.  O.  Box  2009 
Oak  Ridge,  TN  37831-8218 


Telephone:  (615)  574-4192;  FTS  624-4192 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Aqueous  Solutions  Valuable  for  Calibrating  Instruments 

To  ensure  accurate  measurements,  chemists  frequently  need  single-element  standard  solutions 
that  can  be  used  to  calibrate  instruments  for  analytical  techniques  such  as  atomic  absorption 
spectrometry,  optical  emission  (plasma)  spectrometry,  or  spectrophotometry.  For  several  years, 
NIST  has  sold  individual  aqueous  solutions  of  several  elements  for  these  purposes.  Now  the 
agency  is  making  available  separate  spectrometric  standard  solutions  for  the  metals  lanthanum 
and  scandium.  These  standard  reference  materials  (SRMs)  are  each  certified  to  contain  an 
elemental  concentration  of  10  milligrams  per  milliliter  in  a  50  milliliter  solution. 

FOR  ADDITIONAL  INFORMATION:  The  materials,  SRM  3127  (lanthanum)  and  SRM  3148 
(scandium),  are  available  for  $76  and  $144,  respectively,  from  the  Office  of  Standard  Reference 
Materials,  Room  204,  Building  202,  NIST,  Gaithersburg,  Md.  20899;  telephone:  301/975- 
6776. 
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Detection  of  Gas-Phase  Polymerization  in  SiH4and  GeH4 

Inelastic  scattering  of  light  reveals  conditions  unfavorable 
for  the  deposition  of  amorphous  SiGe:H. 


Inelastic  scattering  of  laser  light  has  been 
found  to  indicate  the  onset  of  gas-phase 
polymerization  in  the  plasma-enhanced 
chemical-vapor  deposition  (PECVD)  of 
photoconductive  amorphous  hydroge- 
nated  silicon/germanium  alloy  (a-SiGe:H) 
film.  In  this  PECVD  process,  the  film  is  de- 
posited from  a  radio-frequency  glow-dis- 
charge plasma  of  silane  (SiH^  and  germane 
(Gehy  diluted  with  hydrogen.  Gas-phase 
polymerization  is  undesirable  because  it 
causes  the  formation  of  particulates  and 
defective  films. 

The  inelastic  scattering  of  laser  light 
was  first  observed  as  a  spurious  broad- 
band signal  during  in  situ  coherent  anti- 
Stokes  Raman  spectroscopy  (CARS)  meas- 
urements that  were  being  performed  to 
determine  closed-chamber  disappear- 
ance kinetics  and  steady-state  (in  flowing 
gas)  depletions  of  SiH4  and  GeH4  in  plas- 
mas of  pure  and  mixed  gases.  Although  the 
exact  scattering  mechanism  was  not  es- 
tablished, it  was  nevertheless  observed 
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scattered  light  on  each  plot  indicate  the  on- 
set of  formation  of  particles  at  the  indi- 
cated power  levels.  The  formation  of  parti- 
cles can  be  prevented  by  keeping  the  power 
low. 


that  the  scattering  signal  gives  a  sensitive 
indication  of  the  formation  of  particles  in 
the  radio-frequency  plasma.  For  example, 
the  figure  shows  the  intensity  of  scattered 
light  as  a  function  of  the  radio-frequency 
power  for  silane  plasmas  with  various 
rates  of  flow. 

With  the  help  of  the  CARS  and  inelastic- 
scattering  diagnostics,  the  conditions  for 
the  deposition  of  a-SiGe:H  films  have  been 
optimized  in  the  parameter  space  of  radio- 
frequency  power  density,  rates  of  flow  of 
gases,  and  dilution  with  hydrogen.  The  opti- 
mum conditions  include  low  power  density 
(20  mW/cm2),  high  pressure  [0.55  torr  (70 
Pa)],  high  rates  of  the  flow  of  SiH4  and  GeH4 
(23  and  5.6  standard  cm3/min),  and  a  rate 
of  flow  of  hydrogen  sufficient  to  provide 
high  dilution  (100  standard  cm3/min). 

This  work  was  done  by  Yuh-Han  Shing, 
Joseph  W.  Perry,  and  Camillo  E.  Allevato 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO- 1 7779/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Integrated  Grating  Spectrometer 

An  entire  spectrometer  would  be  fabricated  on  a  silicon  wafer. 


This  work  was  done  by  Robert  J.  Lang 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

NPO-17733/TN 


The  fabrication  of  a  grating  spectrometer 
as  a  monolithic,  layered,  waveguide  struc- 
ture on  a  silicon  wafer  rather  than  with  con- 
ventional optical  components  could  re- 
duce volume  and  weight  by  a  factor  of  over 
a  thousand.  Because  it  would  be  a  mono- 
lithic structure,  its  alignment  would  be  per- 
manent. The  proposed  spectrometer 
would  occupy  an  area  of  about  2  cm2  on  a 
wafer  0.4  mm  thick.  In  contrast,  a  typical 
conventional  spectrometer  is  50  to  100  cm 
long  and  difficult  to  keep  in  alignment. 

The  proposed  spectrometer  (see  Fig- 
ure 1)  would  operate  in  the  visible  spec- 
trum (wavelengths  of  400  to  700  nm)  and 
would  be  blazed  to  diffract  in  the  first  order. 
The  2-^tfn-thick  Si02  lower  cladding  layer 
(refractive  index  1.46)  would  be  grown  ther- 
mally on  the  silicon  substrate.  The  2-jim- 
thick  Si3N4  waveguide  layer  (refractive  in- 
dex 2.05)  and  the  2-^m-thick  Si02  upper 
cladding  layer  would  be  grown  by  chemi- 
cal-vapor deposition. 

The  input  light  beam  would  be  injected 
into  the  spectrometer  by  a  multimode  op- 
tical fiber.  The  output  at  a  particular  wave- 
length could  be  picked  up  with  a  second 
fiber  or  by  a  linear  array  of  detectors  that 
would  provide  a  series  of  outputs  over  a 
range  of  wavelengths.  An  array  of  such 
spectrometers  could  be  used  to  provide 
spectral  analysis  of  a  line  image  (see 
Figure  2). 

The  diffraction  grating  would  be  defined 
by  electron-beam  lithography  and  etched 
into  the  waveguide  by  reactive  ion  etching. 
This  technique  would  enable  continuous 
independent  variation,  along  the  grating,  of 
the  pitch,  curvature,  and  blaze  angle.  The 
grating  could  thus  be  designed  to  have  a 
large  numerical  aperture,  zero  aberration 
at  two  selected  wavelengths,  and  very  low 
aberration  at  intermediate  wavelengths. 

The  length  of  the  device  has  been  chosen 
to  be  20  mm,  and  the  width  must  be  1 0  mm 
to  provide  the  desired  numerical  aperture. 
The  dispersion  of  the  spectrometer  has 
been  chosen  to  be  10  nm  of  wavelength 
per  50  ym  of  lateral  distance,  a  distance 
about  the  size  of  a  single  picture  element  in 
a  typical  array  of  detectors.  The  grating 
pitch  (groove  spacing)  necessary  to 
achieve  this  dispersion  is  about  1.95  nm  — 
well  within  the  capacity  of  an  electron- 
beam  lithography  system  that  has  a  spot  8 
nm  wide. 
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Figure  1.  The  Proposed  Integrated  Grating  Spectrometer  would  be  made  in  a  waveguide 
layer  on  a  silicon  wafer. 
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Figure  2.  An  Array  of  Integrated  Grating  Spectrometers  would  perform  spectral  analysis  of 
the  picture  elements  along  a  line.  An  optical  fiber  would  couple  the  light  from  each  picture 
element  into  a  separate  integrated  spectrometer. 
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0803  Algorithm  Schedules  Airplane  Landings— The  average  landing  delay  is 
reduced. 

0804  Improved  Insert  for  Variable  Mach  Number— A  nozzle  insert  lowers  a 
wind-tunnel  mach  number  while  maintaining  excellent  flow  quality. 
(Licensing  Opportunity) 
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0805     Flight  Dynamics  Analysis  System — This  software  assists  in  the 
development  of  software  for  research  in  flight  dynamics. 
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Algorithm  Schedules  Airplane  Landings 

The  average  landing  delay  is  reduced. 


An  algorithm  schedules  the  arrivals  of 
airplanes  to  reduce  the  average  or  overall 
landing  delay.  In  computer  simulations,  the 
algorithm  increased  the  numPer  of  land- 
ings by  3  to  5  percent  at  a  representative 
airport,  Stapleton  at  Denver. 

The  algorithm  rearranges  the  order  of 
landing  according  to  the  weight  class  of 
each  airplane.  For  example,  inasmuch  as 
a  lighter  airplane  must  follow  a  heavier  one 
at  a  relatively  large  distance  to  avoid  a 
dangerous  wake,  landings  could  be  speed- 
ed if  a  group  of  heavy  aircraft  were  made  to 
follow  a  group  of  lighter  ones.  Of  course, 
the  algorithm  limits  the  extent  of  one  rear- 
rangement to  avoid  penalizing  any  airplane 
or  category  of  airplanes. 

The  algorithm  is  a  version  of  a  well- 
known  algorithm  for  the  "traveling-sales- 
man" problem,  which  selects  an  efficient 
itinerary  for  sales  calls.  The  object  of  the 
aircraft-scheduling  algorithm  is  to  mini- 
mize the  time  in  which  the  last  airplane  in  a 
string  of  arriving  airplanes  is  allowed  to 
land.  It  observes  the  following  rules: 

•  The  first  airplane  must  still  be  scheduled 
first  in  the  revised  schedule. 

•  An  airplane  must  be  scheduled  within  a 
preset  number  of  landing  slots  of  its  origi- 
nal position. 
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Maximum  Position  Shift  (MPS) 


The  Increase  in  Throughput  of  an  airport  is 
increased  in  a  simulation  in  which  the  order 
of  landing  of  any  airplane  in  the  queue  is 
permitted  to  shift  by  a  number  of  positions 
up  to  the  maximum  position  shift  (MPS). 
The  resulting  new  schedule  is  a  subopti- 
mum  solution  to  the  scheduling  problem 
and  approaches  the  optimum  as  the  MPS 
increases. 


•Airplanes  following  the  same  incoming 
route  may  not  pass  one  another. 
The  algorithm  takes  the  original  order  of 
arrival  as  the  initial  schedule  and  com- 
putes the  time  to  land  all  airplanes.  It  then 
randomly  selects  adjacent  airplanes  and 
interchanges  their  landing  order.  It  gener- 


ates a  new  schedule,  but  one  that  is  still 
feasible  according  to  the  rules.  Starting 
with  the  new  schedule,  the  algorithm  con- 
siders all  feasible  repositionings  of  a  given 
airplane  and  the  associated  time  to  land 
the  aircraft.  It  selects  the  best  reposition- 
ings. The  algorithm  does  this  for  each  air- 
craft to  arrive  at  the  solution  —  a  nearly 
optimum  schedule  (see  figure). 

In  simulations,  the  time  required  to 
schedule  a  queue  of  40  aircraft  on  a  VAX 
computer  ranged  from  10  to  30  seconds.  In 
general,  the  computation  time  increases 
only  linearly  with  the  number  of  airplanes  in 
the  queue. 

This  work  was  done  by  Robert  A. 
Luenberger  of  Ames  Research  Center. 
Further  information  may  be  found  in  NASA 
TM-100062  [N88-19424],  Price  Code:  A03 
"A  Traveling-Salesman  Based  Approach 
to  Aircraft  Scheduling  in  the  Terminal 
Area." 

Copies  may  be  purchased  from  the  Na- 
tional Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.  Rush  orders  may  be  plac- 
ed for  an  extra  fee  by  calling  (800) 
336-4700. 
ARC-12197/TN 
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Algorithm  Schedules  Airplane  Landings 

The  average  landing  delay  is  reduced. 


An  algorithm  schedules  the  arrivals  of 
airplanes  to  reduce  the  average  or  overall 
landing  delay.  In  computer  simulations,  the 
algorithm  increased  the  number  of  land- 
ings by  3  to  5  percent  at  a  representative 
airport,  Stapleton  at  Denver. 

The  algorithm  rearranges  the  order  of 
landing  according  to  the  weight  class  of 
each  airplane.  For  example,  inasmuch  as 
a  lighter  airplane  must  follow  a  heavier  one 
at  a  relatively  large  distance  to  avoid  a 
dangerous  wake,  landings  could  be  speed- 
ed if  a  group  of  heavy  aircraft  were  made  to 
follow  a  group  of  lighter  ones.  Of  course, 
the  algorithm  limits  the  extent  of  one  rear- 
rangement to  avoid  penalizing  any  airplane 
or  category  of  airplanes. 

The  algorithm  is  a  version  of  a  well- 
known  algorithm  for  the  "traveling-sales- 
man" problem,  which  selects  an  efficient 
itinerary  for  sales  calls.  The  object  of  the 
aircraft-scheduling  algorithm  is  to  mini- 
mize the  time  in  which  the  last  airplane  in  a 
string  of  arriving  airplanes  is  allowed  to 
land.  It  observes  the  following  rules: 

•  The  first  airplane  must  still  be  scheduled 
first  in  the  revised  schedule. 

•  An  airplane  must  be  scheduled  within  a 
preset  number  of  landing  slots  of  its  origi- 
nal position. 
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Maximum  Position  Shift  (MPS) 


The  Increase  In  Throughput  of  an  airport  is 
increased  in  a  simulation  in  which  the  order 
of  landing  of  any  airplane  in  the  queue  is 
permitted  to  shift  by  a  number  of  positions 
up  to  the  maximum  position  shift  (MPS). 
The  resulting  new  schedule  is  a  subopti- 
mum  solution  to  the  scheduling  problem 
and  approaches  the  optimum  as  the  MPS 
increases. 


•  Airplanes  following  the  same  incoming 
route  may  not  pass  one  another. 
The  algorithm  takes  the  original  order  of 
arrival  as  the  initial  schedule  and  com- 
putes the  time  to  land  all  airplanes.  It  then 
randomly  selects  adjacent  airplanes  and 
interchanges  their  landing  order.  It  gener- 


ates a  new  schedule,  but  one  that  is  still 
feasible  according  to  the  rules.  Starting 
with  the  new  schedule,  the  algorithm  con- 
siders all  feasible  repositionings  of  a  given 
airplane  and  the  associated  time  to  land 
the  aircraft.  It  selects  the  best  reposition- 
ings. The  algorithm  does  this  for  each  air- 
craft to  arrive  at  the  solution  —  a  nearly 
optimum  schedule  (see  figure). 

In  simulations,  the  time  required  to 
schedule  a  queue  of  40  aircraft  on  a  VAX 
computer  ranged  from  10  to  30  seconds.  In 
general,  the  computation  time  increases 
only  linearly  with  the  number  of  airplanes  in 
the  queue. 

This  work  was  done  by  Robert  A. 
Luenberger  of  Ames  Research  Center. 
Further  information  may  be  found  in  NASA 
TM-100062  [N88-19424],  Price  Code:  A03 
"A  Traveling-Salesman  Based  Approach 
to  Aircraft  Scheduling  in  the  Terminal 
Area." 

Copies  may  be  purchased  from  the  Na- 
tional Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.  Rush  orders  may  be  plac- 
ed for  an  extra  fee  by  calling  (800) 
336-4700. 
ARC-12197/TN 
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Improved  Insert  for  Variable  Mach  Number 

A  nozzle  insert  lowers  a  wind-tunnel  mach  number  while  maintaining  excellent  flow  quality. 


The  Langley  Research  Center  8-ft 
(2.4-m)  HTST  wind  tunnel  provides  flight- 
simulation  conditions  from  mach  6  to 
mach  7  at  altitudes  of  80  to  130  kft  (24.4  to 
39.6  km).  With  its  large  test  section,  it  can 
accommodate  full-scale,  airframe-inte- 
g rated  scramjet  engines,  missiles,  and 
other  components.  However,  these  en- 
gines and  missiles  operate  over  a  large 
mach-numPer  range  Peginning  at  approxi- 
mately 4.  A  nozzle  insert  has  been  de- 
signed to  lower  the  mach  number  to  this 
level  without  significant  degradation  of  the 
uniformity  of  flow  and  without  excessive 
loss  of  total  pressure. 

This  nozzle  insert  is  actually  an  improve- 
ment of  a  prior  design  that  lowered  the  op- 
erational mach  number  but  degraded  the 
quality  of  the  flow  to  an  unacceptable  level. 
The  essential  components  of  the  improved 
design  (see  figure)  include  a  sonic  first 
throat,  an  expansion  surface,  a  variable 
boundary-layer  bleed,  the  insert  itself,  and 
the  existing,  unchanged,  contour  of  the 
nozzle.  The  modification  involves  the  crea- 
tion of  the  secondary  throat  and  the  critical 
addition  of  a  boundary-layer  bleed  path 
between  the  insert  and  the  original  tunnel 
wall. 

With  this  simple  second  minimum  insert 
placed  in  the  expansion  region  down- 
stream of  the  first  throat,  wide  ranges  of 
decrease  in  the  mach  number  were  easily 
achieved.  The  insert  has  boundary-layer- 
flow  bleeds  to  stabilize  the  compression 
shock  wave  and  to  alleviate  the  strength  of 


Variable  Boundary- 
Layer  Bleed 


Original  Contour 
of  Nozzle 


FIRST 
THROAT 


Shock  Waves /SEC0ND 
THROAT 


The  Second  Minimum  Insert  lowers  the  operational  mach  number  without  significant  deg- 
radation of  the  properties  of  the  flow. 


the  turning  shock-wave  system  at  the  exit 
of  the  insert. 

The  compression  surface  of  the  insert 
generates  very  strong  shock  waves  and 
central  mach  disks;  the  reexpansion  after 
the  second  (supersonic)  throat  helps  to 
attenuate  this  shock-wave/mach-disk  sys- 
tem. In  addition,  the  exit  pressure  of  the 
boundary  bleed  is  much  higher  than  the 
static  pressure  of  the  nozzle  and  thus 
creates  a  large  region  of  separated  flow 
that  gradually  turns  the  expanding  exit  flow 
from  the  insert. 

This  design  enables  a  quick  change  of 
mach  number  in  an  existing  facility  at  rela- 
tively low  cost  (less  than  one-tenth  that  of 
replacing  the  entire  nozzle)  and  requires  no 
special  contouring  of  the  existing  nozzle.  It 
represents  a  simple  and  cost-effective 
method  of  altering  the  mach  number  in  any 


supersonic  wind  tunnel. 

This  work  was  done  by  Richard  L  Puster 
of  Langley  Research  Center.  No  further 
documentation  is  available. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research 
Center.  Refer  to  LAR-13548/TN. 

Langley  Research  Ctr. 

Technology  Utilization 
Officer:  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  864-2484 
Patent  Counsel: 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Flight  Dynamics 
Analysis  System 

This  software  assists  in  the 
development  of  software  for 
for  research  in  flight  dynamics. 

The  Flight  Dynamics  Analysis  System 
(FDAS)  collection  ot  computer  programs 
provides  an  environment  for  the  configura- 
tion and  study  of  Ada  software.  This  pro- 
gram is  designed  to  support  flight-dy- 
namics research  and  analysis  activities 
concerning  software  models,  algorithms, 
and  techniques  used  within  the  flight  Dy- 
namics Division  at  the  Goddard  Space 
Flight  Center. 

The  purpose  of  FDAS  is  to  assist  ana- 
lysts and  programmers  in  building,  testing, 
and  evaluating  applications  software  by 
providing  an  integrated  support  system  for 
the  modification  and  reconfiguration  of 
software.  This  includes  the  capability  of  as- 
sembling reusable  software  components 
into  applications  programs,  as  well  as  the 
capability  of  reconfiguring  an  assembled 
program  after  it  has  been  partially  or  fully 
completed. 

The  stand-alone  FDAS  system-manager 
utility  program  creates,  deletes,  and  main- 
tains the  user-information  data  base,  and 
creates  and/or  sets  up  directory  data 
bases  for  each  new  user.  A  directory  data 


base  contains  a  user's  application-soft- 
ware components  and  program  "trees" 
constructed  from  these  components. 

The  installation  utility  program  enables 
application  programmers  to  install  their 
developed  Ada  software  components  into 
their  directory  data  bases  under  FDAS, 
thus  making  their  code  available  to  others 
working  on  the  project.  Upon  invocation  of 
the  utility,  the  identity  of  a  given  user  is 
validated  against  the  information  con- 
tained in  the  user-information  data  base. 

The  FDAS  executive  system  program 
provides  analysts  and  programmers  with 
the  ability  to  configure,  test,  and  recon- 
figure program  trees  of  their  application- 
software  components  through  the  use  of  a 
window-based  interface.  This  interface 
uses  the  user-information  data  base  to 
validate  the  identities  of  users  and  to  gain 
access  to  the  application-software  data 
bases. 

It  is  anticipated  that  all  of  the  software 
placed  in  the  central  FDAS  library  will  be 
written  in  Ada.  However,  individual  users 
will  have  the  option  of  importing  modified 


FORTRAN  software  via  the  Ada  "import" 
pragma. 

Future  developments  of  FDAS  are 
planned  to  combine  the  system-manager 
and  installation  utility  functions  into  the  ex- 
ecutive program  as  well  as  provide  access 
to  the  VAX  Ada  compiler  and  editors. 

The  system  is  developed  in  Ada  for  use 
on  a  DEC  VAX  computer  operating  under 
VMS  4.3  or  higher  and  version  1.3  or  higher 
of  the  VAX  Ada  Compilation  System  (ACS). 
FDAS  has  a  central-memory  requirement 
of  approximately  360,000  bytes.  This  pro- 
gram was  released  in  1988. 

This  program  was  written  by  Keiji 
Tasaki,  Lenda  Jun  and  Ed  Seidewitz  for 
Goddard  Space  Flight  Center. 
GSC-13163/TN 
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